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THE STRUCTURE OF MOLECULES AND THE KINETICS OF 


THEIR CATALYTIC HYDROGENATION 
A Academician A. A. Baiandin and M. L. Khidekel* 
The effect of su>stituents at atoms undergoing catalytic hydrogenation on the rate, v, of the reaction has fs 


been studied repeatedly. Such effect can be due both to steric and to energetic factors, and these factors are 
interconnected, In the present work, the case in which the energy factors peice is given the major consi- 
deration, 


A number of avthos [1-3] have pointed: out the existence of a parallel between v and the heat of hydroge= 
nation, u (or values connected with it), However, in the hydrogenation of benzene and a number of {ts methyl 
Gerivatives, y decreases with an increase in the number of substituents when the hydrogenation is carried out 
over Ni catalyst [4], and Increases when the catalyst is WS; [5], the order in which u changes remaining constant, 
Similarly, the decrease in v has sometimes been explained by the presence of energy of conjuzation, o [6, 7}, 
although in other cases (more rarely) conjugation is accompanied by an increase in v[8, 9}. 


It has been proposed that o fs completely lost during adsorption [10-12], but the reason for the decrease in 
yw in such cases was not indicated, An effect of o on the observed activation energy, €°, has not been detected 


{13}. 


According to the multiplet theory [14], v decreases with a decrease in the heat of formatica, E, of the 
intermediate multiplet complex, since € + —0-75E, where € is the true activation —— For ee ion 
of an unsaturated compound, in particular, an olefinic bond [15} 


E — + Qc-K + rs, Q) 


Here, Q represents energies of reacting bonds; K is the catalyst; o Is the energy of conjugation (stabilization), 
which Is connected sith delgcalization of electrons and which changes during the reaction, the value of o being 
dependent on the structure of the molecule; r = , is the fraction of o lost by the hydrogenatable substance 

* during catalytic adsorption. According to Equations (1) and (2), a change in the nature of a substituent at C, has 


an effect on E and & 
ere, Cr 8Q¢, are changes in the inductive and effects, and S0 1s the conju- 
energy involve d in the 


It follows from Equations (3) and (4) that sutstitution: 1) does not change v if 6Q¢ =c*5Qcy ld &o= 
0,2) can cause an increase ia v with an increase in u (if the increase in 6Q K Parallels the increase in 6Q 
£. e., if the induction and hyperconjugation effccts yet in the same direction on C,, which bonds both to K oy 
to H), or can cause a decrease in v in the contrary case (see above [4, 5]}, 3) can decrcase the reaction rate in 
the presence of a conjugation encrgy, particularly in the case where changesccnsiderably >> 
6Qc.=ch 4) can cause an Increase in vy when o fs small and the energy of the bond with the catalyst increases 
under the influence of induction and hyperconjugation effects, e. | >] 150 4 
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TABLE 1 


Hydrogenation over Rh Catalyst. Solvent C,H,0H ¢ 
N20H(0,0019%), Catalyst No. 


TABLE 2 
Hydrogenation over Rh Catalyst (A and C, solvent CH,COOH; Catalysts Nos, 6 and 7; B, D, E, F, 
and G, solvent C;H;OH; Catalysts Nos, 9, 8, 10, 6, 7, respectively) 


© From the heat of hydrogenation, 
© ¢ From the heat of combustion, 


Ss ~ 
=" 
lens 
‘Benzene | 36,0f18Jae | 3,3 | 2-20 | 3,7. 
Pyridine | 3,3 2-20 6,3 
Pyrrole | 3,2 10-30 7,0 
Furan 14,1 | 0,6-10 3,4 


decrease in the volume of hydrogen (STB) after 15, 30, and 60 seconds, The substances studied had constants in - 
agreement with those in the literature, All of the data relate to 1 g of catalyst, When necessary the potential 
of the catalyst was measured [17]. 


Relow are presented the results of a systematic © 
investigation of the kinetics of hydrogenation of 
typical representatives of compounds with aroinatic 
and conjugated bonds (ia particular, bonds differing 
with respect toa); the purpose of the ae 
was to study the effect of gony, 


The hydrogenation was carrled out at tempera- 
ture of 5-60 in a thermostatted, rapidly rocking bomb 
at atmospheric pressure, The catalyst was rhodium on 
aluminum oxide (0,08-2,5%). The low--rhodlum-con= 
tent catalyst was prepared by a method developed by 
us, Rhodium was selected owing to its high activity | 
and to its ability to promote the hydrogenation of 
aromatic compounds under mild conditions with a 
minimum of side reactions, which became known re= 
cently(16}. The reaction rate was measured by the 


= 
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Compound o, kcal/mole m/min «*, kcal/mole 
Benzene 36,0 3,6 15-30 
1,3-Cyclohexadiene 1,8[18}* 4 15-30 8,6 
1,4-Cyclohexadiene 0 44,2 15-40 2,8 
B, Furan 17,2 25,4° ‘5-20 44 
3,4-Dihydrofuran 95,7 5-20 5,7 
Ferrocene 113,0[19°°° 0,3 - 
Benzene 36,0 7 10,2 - - 
D. Ethylcyclopropane® - 0,0 - - 
 Phenylcyclopropane® - 44 - - 
E, Eugtnol 62,0 2-30 4,9 
cls-Isoeugenol 2 50,7 2-30 6,0 
F. Cyclopentadiene 2,9[18° © % 4 5-30 48 
; Cyclopentene 0 40,5 5-30 3,6 
G, Benzene 36,0 8,8 - 


These preparations were kindly given to us B, A. Kazanskii, M, Iu, LL 
and S, V. Zotova, 
© the heat of hydrogenation, 


© ©¢From the heat of combustion, 
in cciginal - Publisher's note, 


We studied the kinetics of the hydrogenation of benzene (B), pyridine (P), pyrrole, furan (F), some of their 
derivatives, 1,4-cyclohexadiene (1,4-CHD), 1,3-cyclohexadiene (1,3-CHD), 3,4-dihydrofuran (DHF), cyclopen= 
tadiene (CPD), cyclopentene (CP), eugenol (E), and cis= and trans-eugenol (CE), The order of the reaction, which 
was determined from the change inconcenatrationover wide Limits, was zero for all compounds, The rate changed 
in Pye to the amount of meas : 


. 
- 
e 


TABLE 3 


Hydrogenation over Rh Catalyst (A, B, and C, 20°; D, 15°; 
A) solvent, CH; COOH, Catalyst No, 1; B, C, and D) solvent, C,H,OH, Catalyst Nos. 2,3, a ° 


Compound a, kcal/mole Compound kcal/mole 


A. Benzene 36,0 J Pyridine 42,2 
Ethylbenzene} 35,2[18]** @ -Picoline 48,S[20]* 
Cumene -Picoline 48, 2[20]}> 
p-Cymene @-Ethylpyri- 
Mesitylene 33,1[18]¢ dine 
Durene Picolinic acid 
Benzolc acid | 67 @, &°-Bipyridyl 
Ethyl ben- Furan 

zoate 91 @-Methylfuran 

B, Pyrrole - @-Ethylfuran 
@-Methylpyr- @- 3-Propylfuran 

role a @-Furancarbo- 

acid 


*p =k, of the derivative/k, of the corresponding aromatic compound, 
© © From the heat of hydrogenation, 
¢* *From the heat of combustion, 


The results of the experiments are presented in 
Table 1-3; these results permit formulation of the 
following conclusions (experiments carried ovt with 
portions of catalysx of the same catalyst number and 
with the same solvent are compared} 


1, An increase in the conjugation energy of the 

hydrogenztable compound decreases the rate constant, 
ea k This was observed both on going from an aromatic 
x b compound to a closely similar nonaromatic compound 
ee (benzene, 1,4-cyclohexadiene, Table 2, A) and on 
ad comparing compounds having diffcrent conjugation 
ea energies (benzene, furan, Table 1; benzene, cyclopen= 
ef tadiene; benzene, 1,3-cyclohexadiene, Table 2), 


ag 2. Conclusion 4, formed above from Equation 
~~ (3), explains the activation of the cyclopropane ring 
by the introduction of a phenyl group which conjugates 
with it (Table 2, D), This phenomenon was also ob- 
served and investigated in detail by B. A. Kazanskil 
and co-workers forthe hydrogenation of a numbers of 
fect of conjugation can be explained similzzly in other 
CE (Table 2,£); c) for F and DHF (Table 2, cases [22]. P 
B); d) for CPD and CP (Table 2, F); e) for 
Band F (Table 1); f) for B and 1,4-CPD 3 The effect on the rate constant due to sub=- 
(Table 2, As g) for | B and 1,3-CPD (Table 2, stituents introduced {nto the aromatic ring (see Table 3) 
A); hy for 1,3-CPD and 1,4-CPD (Table 2, A) may be explained by the action of inductive and 
hyperconjugation effects on Qc —¢, and 
(Equation (3)) and also by steric factors, Fer example, 


for mmesitylcne (33 kcal /mole 8)) Is close too for benzene (36 kcal /mole 118)),while the ratio of the rate 
constants for these compounds is 0,43, 


1 
ca 

: 


P 
1,000 
0,519 
3 
0,389 
0,952 
0,930 
0,821 
: 
= 
a 
a 
7179 


4. A change in the temperature does not cause violation of the rule of Faragraph 1 for compounds with 
differing 0; however, with closely similar values of a, this rule can be violated, and this may be explained by - 

an unequal temperature dependence of the adsorption coefficients of the compounds being compared, For enue, 
it is apparent from Table 2 that 1,3-cyclohexadiene 1s hydrogenated more slowly that 1,4-cyclohexadiene | at is? 
and more rapidly at 30°. : : 


S. In conformity with Equation (3). a considerable change in the chemical nature of the bonds being ee’ 
ted can also lead toviolation of the rule of Paragraph 1, For example, v v is nearly the same for pyrrole and benzene, 
although o for pyzrole fs less than for benzene (respectively, 24 [21] and 36, 0[18] kcal./mole). This can be exe 
plained by the Interaction of the nitmgen atom, which possesses an unshared pair of electrons, with the surface of 
the Rh. In fact, pyrrole changes the potential of the catalyst toward the cathode (AV = 50 my), while benzene fs 
hydrogenated at a potential close to that of the reversible hydrogen electrode (AV = 0) 


6. An analysis of these data and of the results of the work reported in reference [23] shows that In the general 
case, the effect of the catalyst is not so strong as to change the above-indicated dependence (Paragraph 1) when 


there is a significectr differerice in o. 


In addition, if the solvent disrupts the aromatic properties ots the compound, then this, in agreement with 
theory, leads to a sharp change in k, Thus, during hydrogenation of N-pyridinium cyclopentadienylide in alcoholic 
medium, where this compound has an eromatic character, k = 7.8 ml/minute, while in acetic acid, where the 
aromatic character of the compound fs lost, k = 24.0 ml/minute (24]*. For benzene. k is, respectively, 8.8 and 


ml/minute. 


7. It is apparent from Tables 1 and 2 that the conjugation energy has no effect on the activation energy; 
a similar result wzs obtained in the case of Pt {13}. This phenomenon can be explained by the fact that, in spite 
of the zero order of the reaction, the observed activation energies are complex values into which the heat of ad- 
sorption enters 2°}. Consideration of this question on the basis of the theory will be published separately, 


8 The majority of the results in Tables 1 and 2 are satisfactorily described by the relationship 1g ky/ kg = 
293279 )*b, which was unknown previously. Here, ky and kg are the observed hydrogenation rate constants for 
the two compocnds being compared, oy anc Gy are thelr conjugation energies, and a and b are constants, Figure 
1 presents data confirming this equation ‘he constant a, which can be found from the slope of the straight line, 


is approximately 0.030 kcal.~, 


‘Received August 5, 1958 
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ON THE REDUCTION OF NICKEL FERRITE WITH GRAPHITE 


V.N. Bogoslovskil, M. G. Zhuravleva and Corresponding Member 
AN SSSR G. I. Chufarov 


The mechanlsm of crystallochemical transformations during the reduction of metal oxides with graphite has 
been studied In detall for tron oxides [1]. In the reduction of more complex chemical compounds in which atoms 
of different metals are present in the crystal lattice, the semen can be expected to occur in a substantially differ- 


ent manner, 


Ferrites — compounds of the type Me®* Fe,* * O, with a spinel structure — merit thorough Investigation, 
since thelr physical properties make them valuable materials in semiconductor technology. Moreover, in a num- 
ber of metallurgical inducules, processes occur with the formation of ferrites and their subsequent reaction, 


The material used in the present investigation was nickel ferrite, which was prepared by sintering an equi- 
molar mixture of the oxides Fe,0, and NiO in air at 1200° over a period of 30 hours, X-ray analysis of the result- 
ing product showed that it was a pure ferrite with a lattice parameter of 8.333 (4 0.005) A. The reducing agent 
was graphite from Acheson electrodes, and it was calcined under vacuum at 100° prior to use, 


The ferrite was czrefully ground with the graphite, and was then subjected to reduction. The amount of 
graphite was three-fold excess of that theoretically required for complete 1eduction, The crucible containing the 
weighed sample was suspended from a McBaln quartz spring balance having a sensitivity of 0.001 g. The apparatus 
was connected with vacuum pumps, and the gaseous reaction products were continuously pumped (under a vacuum 
of the order of 10-4 mm Hg) from the reaction space during the experiment, The carbon dioxide was collected 
in a trap cooled with liquid nitrogen, and its amount was periodically determined from the pressure after thawing 
and from the known volume. In order that an experiment could be carried out meant several traps connect- 
ed in parallel were used. 

Figure 1 shows the change in the rate of reduction of the nickel ferrite by graphite at 950° as a function of 


the amount of oxygen removed. In the beginning, up to 20% oxygen removal, some decrease in the rate was ob- 
served. After 45-50% of the oxygen had been removed from the sample, the coduatan'te tate increased considerably, 


reaching a maximum at 80%. 
Kinetics of such type Indicate that crystallochemical conversions play a substantial role in the process of 
reduction, 


The solld products from the reduction of nickel ferrite at different stages of reduction | were investigated by 
X-ray techniques. The phase composition and the lattice parameter were determined, 


It was found that the product of the reduction of nickel ferrite by graphite in the first stages of the reduction 
(up to 20%) Is almost pure metallic nickel with a lattice parameter of 3.517-3,520 A. After 20% reduction, an 
increase in the lattice parameter of the metal phase was observed, which Indicates an increase in the iron content 
of the nickel. 


The dependence of the lattice parameter of the metallic phase on the oxygen content of the solid phase fs 
shown In Figure 2, Up to 20% reduction, the concenuation of Iron in the nickel, calculated by the method of 
Bradley, Jay and Taylor (2), did not exceed 3 atom %, while at 35% reduction it was 20 atom %. On further tee 
duction of the nickel ferrite, the latuce parameter of the metallic phase remained unchanged, and only after 50% 
seduction did it again begin to Increase, attaining a value of 3,581 Aat ™ reduction, This valuc of the lattice 
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Fig. 1. Change in the rate of 
‘reduction of nickel ferrite by 
graphite at 950°. 


patemeter fs close to the value for the parameter of 


graphite at 1000° fs accompanied by diffuston of metal fons In the crystal lattice. 
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Degree of reduction 


950°. 


Fig. 2. Change In the lattice parameter of 
the metallic phase in the products of the 
reduction of nickel ferrite by graphite at 


the face-centered crystal latuce of the solld solution 
in the two-phase region of the structural diagram of 

the system Fe — NI, and It corresponds to the limiting 
concentration of Iron in nickel at room temperature, 


The lattice parameter of the spinel phase of the 
original ferrite increased from 8.333 Aat the be ginning 
of the reduction to 8.362 A at 20% reduction, and then 
tematned constant with further reduction of the ferrite 


(Figure 3). 

A wustite phase appeared in samples which were 
35% reduced, At 50% reduction, a considerable amount 
of wustite was observed along with the metallic and 
ferric phases. 


Very small amounts of a metalite phase, a soltd 
solution of nickel in fron with a body-centered lattice, 
was observed at 70% reduction, 


The change In the lattice parameters of the spinel 
phase and the metallic reduction products indicates 
that the process of the reduction of nickel ferrite by 


Degree of reduction : 


Fig. 3. Change in the lattice parame- 
ter of nickel ferrite during reduction by 
graphite at 950°. 


As a result of the extraction of oxygen by os reducing agent, the surface layer of the ferrite is enriched In 
Ni?* and Fe®* fons. Some of these excess fons form the metallic phase; others diffuse into the depths of the 
srystal lattice. Both of these processes decrease the free energy of the surface layer, which had been increased | 
by the excess of metallic fons. Those fons which are less strongly bonded by oxygen, f. e., nickel fons, pre- 
dondnately migrate into the metallic phase. The Iron fons, under the influence of the concentration gradient, 
diffuse Inside the ferrite lattice. This process {s accompanied by an Increase In the lattice parameter cf the 
ferrite, which approaches that of magnetite. The rate of reduction gradually decreases in this stage, 


After 20% reduction of the ferrite, the lattice parameter of the spinel phase undergoes no further change, 
which indicates a cessation of the replacement of the nickel fons In the ferrite by fron fons. Since the ferrite Is 
by now impoverished In nickel, on further reduction of the ferrite, ron lons become predominant in the reduction 
peoducts, and these fron ions, dissolving in the nickel, increase the latdce parameter of the metallic phase, 
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The transition of magnetite to wistlte proceeds, as {s.well known [1] by diffusion of fron fons into the depth 
of the crystal lattice. Therefore, in the region of from 35-50% reduction, In which reduction of magnetlte to 
wistite takes place, no enrichment of the metallic phase by fron was observed, and the lattice parameter remain- 
ed constant. Only after all of the magnetite was converted to wustlte, tl. e., after 50% reduction, did the Iron fons 
resulting from the reduction again diffuse into the metallic phase, a process which was accompanied by an Increase 


of the lattice parameter, The kinetic picture of the reduction after 50% reduction omayenn to reduction of © 
wistite, 


When the concenwation of tron in nickel reached the maximum solubility of {roa in the face-centered 
lattice of the solld solution, a phase with the body-centered lattice of a-{ron appeared in the metallic products 
~ of the reduction; this phase was formed at the expense of further reduction of the wustite and also, possibly, at 
the expense of the decomposition of thé supersaturated y-solld solution of ron in nickel. 


Thus, the mechanism of the reduction of nickel ferrite by graphite under vacuum {fs determined both by the 
diffusion of fons in the surface layer and by volume diffusion of fons into the depth of the crystal lattice. It ts 
different from the case of reduction by gases, for example. by hydrogen at 400°, In which volume diffusion has no 
essential significance and In which lattice transformation Is accomplished mainly through surface diffusion of lons. 
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ISOTOPE EXCHANGE OF MOLECULAR NITROGEN 
OVER IRON AMMONIA-SYNTHESIS CATALYST 


Corresponding Member AN SSSR G. K. Boreskov, A. I. Gorbunovw and O. L. Masanov 


It has been establ'shed [1-3] that K,0 and Al,0, promoters for [ron catalysts Increase the specific-activity 
(the activity per unit surface of catalyst) for the synthesis of ammonla at high pressures. Singly and doubly pro- 
moted catalysts have been shown to be considerably more active than unpromoted Iron catalyst, and the promot- 
ing action of K,0 Is greater than that of Al,03. 


With respect to the action of these promoters on the acuvity of the catalyst for ammontla synthesis at atmos- - 
pheric pressure, the Uterature data are contradictory. 


A belief communication by A. V. Krylova and S. Z. Roginskil, [4] was idee to ontuaten of the effect 
of these promoters on the rate of isotope exchange In molecular nitrogen; these authors came to the conclusion 
that unpromoted fron has greater specific acitivity than promoted catalysts. However, In work reported in refer- 
ence [5], doubly promoted catalyst was found to be 10 umes more active than unpromoted fron, 


In this connection, the necessity arose for additional, broader investigation of fsotope exchange In molecular 
nitrogen over iron catalysts promoted with different amounts of promoters — catalysts over which ammonia sao 
eee has been studied at high pressures (2, 3}. 

EXPERIMENTAL 


The experimental method has been described in detafl [5}. A feature of the present Investigation was that 


‘all samples, 30 g each, were reduced with hydrogen in a separate apparatus for 50-55 hours at 500°; the space © 


rate was 6000 hours“ for 10 hours, and 3000 hours~! for the remainder of the ime. 


At the conclusion of the reduction, the catalysts were passivated at room temperature with cylinder nitrogen 
using oxygen-free hydrogen as a diluent. The passivated samples were charged to the apparatus used for the study 


- Of lsotope exchange, and were treated with hydrogen a at 500° and a space rate of 3000 hours~ for 10- 
15 hours, 


The true order of the reaction, {. e., the dependence of exchange rate on total gzs pressure, was determined 
over a pressure Interval of 3-30 mm Hg, and the activation —" was determined in the tempenentne interval 
450-500°. 


The specific rate constant foe the exchange (the catalyst activity) was calculated by means of an equation . 
describing homemolecular isotope exchange [5, 6}. 


Table 1 presents the activation energy, the order of the reaction, and the specific catalytic activity, 
Kt), at the corresponding pressure and temperature for the catalyst samples studied, 


It should be pointed out that during the course of the tests, the activity of the catalyst promoted only with 

K,O decreased substantially owing to partial volatilization of the promoter and to a decrease in the surface of this. 

sample, Therefore, the initial and final activity of this catalyst are reported In the table. 
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TABLE 1 


Kinetic Characterization of Isotope Exchange In Molecular Nitrogen Over Iron Catalysts 
Promoter content, 
Sawple E. kcal /| Order of 
No, sqim /g mole | reaction 
AiO, K,0 K (3,3 
Anco 0,5 39° 0,9° | 3,8-10-3° | 3,9-10-3 
16-65 | Trace 2 1,2—0.6 35 0,75 |4,1—-0,3-10-7 
3,8 2,14 {1 4A 0,5 | 2,6-10-3 
2-55 1,2 | Trace 11,6 0,5 2-10"? 
1,2 2,6 3,6 2,6-10-3 


© From reference (5). 


DISCUSSION OF RESULTS 


From the data of Table 1, It fs possible to form the general conclusion that promoted catalysts significantly 


exceed Armco Lron (unpromoted) with respect to specific This is in with the results 


by us earlier [5}. 


Consequently, there Is a quite definite parallel between the accelerating effect of promoters 5 (K,0 and A1,0,) 


on ammonla synthesis and the effect on {sotope exchange. This fact Is difficult to explain If it Is assumed [7, 9) 
that the limiting stage [In ammonia synthes!s over fron catalysts Is the hydrogenation of adsorbed nitrogen. 


If it is assumed that lsotope exchange and ammonia sunthesis proceed through a common stage — — adsorption 


of nitrogen — It Is possible to compare quanutatlvely the rates of {sotope exchange and aa _— taking 
{nto account filling of the catalyst surface with adsorbed nitrogen [5}. 


Calculation shows that the absolute reaction rates of ammontla synthesis and lsotope exchange at the same 


coverage of adsocbed nitrogen are close in value over the singly promoted samples and Armco fron®. 


In the case of the doubly promoted sample (3.85% Al,O, and 2.14% K,O), the rate of exchange was approxl- 


mately half an order of magnitude less than the synthesis rate. A similar result has been obtained [5] for another 
Catalyst (2% K,O and 4.5% Al,0;). However, a sample with different promoter contents _ fe K,O and 1.2% Al,0;) 
was very active In exchange (Table 1). 


The decreased activity In fsotope exchange of the above-indicated doubly promoted sample could be due 


to insufficlent mobility of chemisorbed nitrogen atoras on the surface of the catalyst. That ammonia synthests 
can proceed over this catalyst by means of chemlsorbed molecular nitrogen Is also not excluded. 


The Wnetcs of lsotope exchange over these promoted catalysts are not in bad agreement with Kinetics of 


ammonla synthesis, The activation energies of both processes, calculated at constant fugacity of adsorbed nitro- 
gen, are In satisfactory agreement. 


Thus, the experimental data on Isotope over Iron ammontla-synthesls confirm the 


mechanism of Temkin and ane [10] for the synthesls of ammonla. 


L. la. Karpov Institute 
Mendeleev Moscow Chemical-Technological Institute 
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THE KINETIC ISOTOPE EFFECT IN IODINATION REACTIONS OF AROMATIC AMINES 


a 


F.M. Vainshtein and Academician AN Uk¢SSR E. A. Shilov 


It was shown recently [1] that lodina tion reactions of aromauc dialkylaminosulfonic acids are described by 
the third-order kinetic equation 


where M fs the anion of the dathstamtncnttinte acid, B 1s the basic component of the buffer solution, and X fs 


an lodine cation or molecular iodine. It follows from Equation (1) that the base B or a second molecule of the 
amine takes part in the mechanism of lodinatlon. © 


Two different explanations can be given, 


A. The base serves as a a goatee acceptor according to: 


B. The lodinating agent Is a complex of the compcsition X---NR,Ar or, in buffer solutions, X +++ Be 


wR, 


+ X-NR,Ar +1,0° + ArnR, 


In this case, a molecule of water (as in the scheme) or another base can be the ptoton acceptor, 


Schemes A and B are kinetically indistingulshable, but it {s possible to make a cholce between them by 

’ determining the isotope effect during replacement of hydrogen by lodine.- In fact, if the reaction follows me- 
chanism A, the isotope effect should be observed, since the splitting out of a proton Is the stage which determines 
the over-all rateof the reaction (because the second molecule of amine or the base B enters into the kinetic equa- 
tion). IfB is the correct mechanism, the Isotope effect does not necessarily occur, because the stage in which - 

the proton {s spl’t out Js not reflected inthe kinetic equation, However, lodination by mechanism B car be accom- 
panied by the Isotope effect under conditions such that the rate of the removal of the proton fs commensurate with 
the sate of formation of the intermediate quinold complex. 


With the alm of choosing between these alternative mechanisms, we vee the kinetics of the lodination 
of several aromatic amines and aminocarboxylic and aminosulfonic acids (see Table 1), and, in conjunction with 
this, the kinetic Isotope effect was determined by comparing the fodination rate constants for the ordinary and 
deuterated amino compounds, It was established that the rate of fodinadon of these compounds, with the excep= 
tlon of certain particular cascs and conditions which are discussed below, generally follow Equation (1). In this, 
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-points represent the light salt; solld points re- 


tion of the tertiary amino compounds proceeds by tw 
amines). 
The basic results of the experiments are presented in Table 1 and Figure 1. The experimental conditions, 
the percentage replacement of hydrogen In the deuterio compounds, the {sotope effect (ky4/kp), and the relative 
activity of the ight amino compounds (Ay) are shown in the table, The values of Ay are given with respect to 
the Jodination rate of the N.N-dimethylmetanilate fon, which was taken as unity, The values of Ay must be con- 
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i i 1 
Fig. 1. Rate of lodination of amino compounds; 
1) light aniline; 2) 2, 4, 6-tideuterioaniline; 
3) light sodium m-aminobenzoate; 4) sodium 
salt of N, N-dimethylsulfanilic acid (open 


present the 2, 4, 6-trideuterio salt); 5) sodium 
salt of 2, 4, 6-trideuterio-m-aminobenzole 


TABLE 1 


G0 @ @ min 


Fig. 2. fodination of dimethylaniline. 
Initial concentrationsGnoles/liter):; di- 
methylaniline, 0.0039; I,, 0.0015; KI, 
0.4; phosphate, 0.04; pH, 6.1; 30°. 
acid . ! 1) light dimethylaniline; 2) 2, 4, 6- 
trideuteriodimeth ylaniline 


ty. 
Compound place- i 


Initial concentradons (moles/ 
Liter), pH, temperature 


2,4,6- Trideuterio-N N- -90 4 4 


dimethylmetanilate ion 
4-deuterio-N N-dime- G1 
thylmetanilate ion 
2,6-dideuterio-N N -di- 90 i 0,2 
methylsulfanilate ion 
2,4,6-uideuterio-m-di- 95 4,4 35 
met ylaminobenzoate 
24.6-wide uteriometanil- 2° 0,02 
2,4,6-wideuterio-m- $0 4,8- 0,22 
aminobenzoate ion 
Same 90 3,0 0,24 
2,4,6-wideuterioaniline 3,5 5,4 
Same 86 4,0. 15 


2,4,6-trideuteriomethyi- 95 3,2 110 
anili 


ne 
2,4,6-iiideuteriodime- 89 3,0 120 
thylaniline 


X Is the lodine cation (hydrated or complexed with the amine) for the primary amines and methylaniline, lodina 
© routes — through I* and through I, (or thelr complexes with 


M 0,0145; I; 0,0072; KI 0,073; 
phosphate 0,064; pH 6,9; 25° 
M 0,027; 13 0,005; KI 0,01; 


M 2,493; Is 0,015; KI 0,036; 
M 0,M5; I 0,005; KI 0,05; 
30° 
0,01; I: 0,005; KI 0, 
0,43 pH 7,4: 
a Iz 0,005; KI 0,15; 


Ts 0,004; KI 0,12; 
phosphate 0.025; NaCi 0,08; 


I; 0,002; KI 0,3; ace- 


© This value of the Isotope effect fs apparently lower than the true value, as in the pre- ; 
paration used the % replacement of H by deuterium was small. 


M 0.0758; 0,008; KI 0,04; 
tate0.05; pli 5,0; 25° 
0,01; 0,002; 0,15; 
lactate 0,5; pH 3,5; 30° 
tm 


dered as approaimate; an accurate comparison was made difficult by the necessity of using very different 
fodination conditions for the different amino compounds, 


As Curve 4 of Figure 1 and the data of Table 1 show, In certain cases the lodination reaction proceeds 
without any fsotope effect (ky:/kp = 1). This applles to the three dimethylaminobenzenesulfonic acids. The 
2, 4, 6-trideuterio-m-dimeth ylaminobenzoate fon lodinates only a little slower than the light compound. [odina- 
don proceeds with a significant Isotope effect (from 3 to 4.8) for the remaining amino compounds. In this group 
are the varlous primary and secondary amines and the salts of aminosulfonic and aminocarboxylic acids contain- 
ing a primary amino group. 


That the {sotope effect does not occur for certain amino compounds shows, as Indicated above, that the 
base pardcipates in the reaction as a component part of the iodinating complex, and not as a proton acceptor. 
The presence of an fsotope effect with other amines can be explained by a difference In the reaction mechanism; 
however, it 1s necessary to take into consideration the very great similarity in the kinetic relations of the amines 
invesdgated. Therefore, we assume that In all cases lodination scheme B Is correct, f. e., that the fodinating 
agents are complexes of an iodine cation or of lodine with the amino compound or with the base B. 


In support of this conclusion, It Is possible to clte other considerations (1]. In particular, calculation shows 
that under cecditions close to those of our experiments, the concentration of I+ ts 107'*—10-!5 M. Such an Insig- 
nificant concentration of the active agent probably could not provide the observed fodination rate. On the other 
hand, the formation of complexes between amines and halogens Is a general rule (3}, and cases are known where 
the presence of amines in aqueous solutionaccelerates halogenation reactions (2). 


We. note that a kinetic isotope effect of 4 has also been found for the lodination of deuterated phenol (4). 
which fs similar to the lodination of primary and secondary amines. Thus, lodination is among those few electro 
philic hydrogen-replacement reactions In aromatic systems for which a kinetic Isotope effect has been found. As 
is well known, nitration [5S], bromination [6], and, for the most part, azo coupling [7] reactions proceed at the 
same rate for the light and heavy compounds. Sulfonation reactions [8] and cyclodehydrogenation of anlls (9) 
have small Isotope effects. The considerable isotope effect established for the case of azo coupling of p-chloro- 
benzenediazonium salts with 2-naphthol-6, 8-disulfonic acid In the presence of pyridine has found explanation in 
steric hindrance [7}. 


At the present dime, It Is not clear why the lodination of amines is connected with an Isotope effect in 
some cases and not In others. As may be seen from the data of Table 1, there is no genera] relationship between 
reaction rate and Isotope effect. Thus, for example, an Isotope effect Is observed both for the very slightly active 
metanllic acid and for the very active methylaniline and dimethylaniline. Between these extremes, the fairly 
active dimethylaminobenzenesulfonic acid salts are lodinated at the same rate in the light and heavy forms, It 
is possible that the reladonship between lodination rate and isotope effect must be considered separately for 
primary and secondary amines as opposed to tertiary amines. 


_ EXPERIMENTAL® 


Preparations of m- and p-dimeth ylaminobenzenesulfonic acids were obtained bysulfonation of dimethyi- 
aniline (10). m-Dimethylaminobenzolc acid was prepared from m-aminobenzoic acid by methylation with me- 
thyl lodide in alkaline medium (11). The monomethyl derivative was separated by extraction of the dimethy! 
aminobenzolc acid from the aqueous solution at a pH of about 4 with ether; the compound was in the form of 
long, fine needles with a m. p. of 154°. As for the other amino compounds, commercial preparations + were used 
after the requisite purification, 


The 2, 4, 6-uldeuterio derivatives of aniline, methylaniline, and dimethylaniline, as well as the 2, 4, 6- 
tideuterlo-m-amino- and m-dimethylaminobenzoic acids were prepared by exchange between the light come 
pounds and 99% D,0 In acid medium by heating to 100° over a period of 60-100 hours. 2, 4, 6-trideuterlo-m- 
and p-dimethylaminobenzenesulfonic acids were prepared by sulfonation of 2, 4, 6-wideuteriodimeth yianiline 
with 30% deutesiooleum which was prepared from SO, and D,O, 4-Deuterio-N N-dimethylmetanilic acid 


With the assistance of O. M. Grishin. 
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was prepared by sulfonation of 4-deuterlodimethylaniline, which was obtained from p-bromodimethylaniline 
through p-dimethylaminophenyllithium (12}. The deuterium content of these preparations wes determined from 
the combuszion water by the flotation, mass spectroscopic, or falling drop method. 


The fodination rate was measured at different coacentrations of amino compound, fodine, and potassium 
fodide without added material and {n the presence of phosphate, acetate, or lactate asa buffer. The dropinthe § , 
lodine titer was determined by microdtration of samples with thiosulfate. : 


Foc the most part, the results of the Kinetic experinients were readily reproducible and permitted precise 
estabtishment of the dependence of reaction rate oa the conceatrations of the components of the mixtures. ‘These 
data will be presented in detail in another place. In this article, we merely point out chat during lodination of 
methylaniline acd dimethylanillne, the reaction, under certain specific conditions, fs autocatalytic, as may be 
seen from Figure 2. The reaction proceeds nocmally according to Equation (1) ff ft 1s carried out at low concentra- 
tons of free arnine and iodine. The values of ky;/kp presented for these two amines in Table 1 were obtained 
ander conditions such that autocatalysis did not occur, in particular, at low pH. Figure 2 shows, Lowever,that the 
autocatalytc reaction also ee with an Isotope effect of 3-4. The nature of the autocatal ye reaction Is 


not altogether clear. : 
Recelved July 24, 1958 


Institute of Organic Chemistry of s Sciences UkSSR 


LITERATURE CITED 


[1] A.N. Kuralin and E. A. Shilov, Uke. Chem.J.23,31 (957. 


[2] E. A. Shllov, A. I. Sliadnev and G. V. Kupinskala, J. Gen, Chem, 22, 1498 (1952) L. Brown and - 
F. Soper, J. Chem. Soc. 1953, 3576. ; =. 


(3) 1. A. Flalkov, Prog. Chem. 15, 486 (1946). 
[4) E. Grovenstein and D. Kilby, J. Am. Chem. Soc, 79, 2972 (1957). 


{5} L. Melander, Ark. Kem, 2, 211 (1950), T. Bonner, F. Bowyer and G. Williams, J. Chem. Soc. 1953, 
2650, W. Laver, W. Noland, J. Am. Chem. Soc. 75, 3689 (1953); K. Halvarson and L. mrcnaiic Ark Kemf. 11, 


TI (1957). 
[6] L. Melander, 1. c.; P. delaMare, T. Dunn and Harvey, J. Chem. Soc. 1957, 923. 
[7] H. Zollinger. Helv. Chim. Acta, 38, 1597, 1617 (1955). | . 
[8] L. Melander, 1. ¢.; U. Berglund-Larsson and L. Melander, Ark. Kemi! 6, 219 (1953). 


(9} T. Bonner and J. Wilkins, J. Chem. Soc. 1955, 2358. 
{10} A.N. Kurakin, J. Gen. Chem. 18, 2089 (1948). 
{11} R. Willstitter and W. Kahn, Ber. 37, 411 1904), 
[12] W. Davies and F. Mann, J. Chem. Soc. 1944, 279. - : 


© Original Russiaa pagination. See C, B. Translation. 


14 


hat 
e 
‘ 


NITROBENZALDEHYDES IN THE REFORMATSKY REACTION 


L. Kh. Vinograd and N.S. Val’son 
@resented by Academician B. A. Kazanskii, May 23, 1958) 


Attempts to Introduce carbonyl compounds containing anltrogroup into the Reformatsky reaction have thus 
far been unsuccessful (1}. The use of these compounds In Grignard reactions has also given unsatisfactory results 
(2}. However, the reasons for these fallures are not the same in the two cases, 


In Grignard reactions, the difficuity {s the reduction of the nitro group by the Grignard reagent. This diffl- 
culty was surmounted by carrying out the reaction at low temperature [2]. Consequently, the presence of a nitro 
group does not prevent reactions of organometallic compounds with a carbonyl group. 


In Reformatsky reactions with carbonyl compounds containing a nitro group, practically all of th the zinc 
semains unchanged. Since here the composite organozinc compound must be focmed In the presence of a car- 
bony] compound, it may be assumed that a nitro group in the carbonyl compound hinders the Sesemsction of the 
zinc with the halo ester. : 


This was confirmed by the fact that the readily occurring reaction of acetophenone with bromoacetic 
ester Is completely arrested by the addition of 0.05 mole of nitrobenzene, even If the reaction {s carried out in 
tetrahydrofuran in the presence of mercuric chloride, which, as 1s well known, facilitates the course of the re- 
action (3). 


” It is evident that a Reformatsky reaction Involving a carbonyl compound contatetag a nitro group should be 
catried out In two stages, first, the preparation of the “Reformatsky reagent” fiom zinc and the halo ester and, 
second, the zeaction of the reagent with the carbonyl co.npound. 


We used for this purpose the method of Siegel and Keckels [4] which was developed by oun for carrying 
out Reformatsky reactions with quinol reactions in which It is necessary to exclude reduction of the quinols by 
zinc. Using this method, we were able to prepare the corresponding esters of B -hydroxy-8 -nitrophenylpropionic 
acid from o-, m-, and p-nitrobenzaldehydes and bromoacetic ester, That these reactions were successfully 
carried out confirms the above assumption that the nitro group hinders the formation of the a organozine 


compounds. . 


EXPERIMENTAL 


8 g of zinc turnings were washed with a mixture of acetone and 2% hydrochloric acid, then with acetone 
and dried with a heat lamp; to these turnings {n 100 mil of dry ether were added 5 drops of an ethereal solution — 

of CHsMgl and then 10 g (0.06 mole) of bromoacetic ester, and the mixture was refluxed for 2-2.5 hours with 
stirring. The resulting solution of *Reformatsky reagent” wat decanted from the unreacted zinc (~S. 5 g) Into 

4.5 g (0.03 mole) of o-, m-, or p-nitrobenzaldehyde and the reaction mixture was refluxed for 1 hour, cooled, : 
and stirred for 30 minutes with 50 mi of 10% acetic acid: the water layer was separated, extracted with ether, 

and the ether extract was added to the ether layer. The ether solution was agitated for 30 minutes with 5 ml of 

a solution of sodium bisulfite, washed with water, a 10% solution of soda, and again with water and dried with 
anhydrous magnestum sulfate; the ether was cistilled, and the residue was distilled under vacuum, 


Properties of the products are atin in Table 1, About 1. 8 of unreacted aldehyde was — by 
soda from the bisulfite extract, 
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TABLE 1 


Original 
zaldehyd Our data Lit. data 
Ortho- Ethyl B -hydroxy-8-(o- | 3,0 [41,9 170-175°/5 mm Liquide Amide m. p. 
nitrophenyl) proplonate 197° (5) 
Meta- [Ethyl 8-hydroxy-A-(m- | 3,5 [48,9 179-182°/2,5mm_ | 58° (from 55° (6) 
nitrophenyl) propionate alcohol). 
Para- Ethyl 8 -hydroxy-B-(p- |3,6 {50,3 184-186°/3 mm 46,5-4T° 45-46° (6) 
nl proplonate (from ether) 


al aldehyde charged 
©°0.5 g of ethyl B-hydroxy-8 nitrophenyl) propionate, 1 ml of 25% aqueous ammonta, and 0.5 mi of me- 


thanol were allowed to stand for 48 hours; filtration gore 0.35 g of the amide of g-hydroxy- g-(o-nitrophenyl)- 
proplonic acid. m. p. 197° (from alcohol). 


K. E. Voroshilov Sclentific Reasearch 


Institute of Organic Intermediate Products and Dyes Received April 16, 1958 
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SYNTHESIS OF 2-METHYL- AND 3-METHYL-1-THIAINDANS AND 
2-ETHYLTHIAINDENE 


E.N. Karaulova, D. Sh. Mellanova and G. D. Gal'pern 
@resented byAcademician A. V. Topchlev, June 14, 1958) 


In connection with the study of sulfur compounds found In petroleum fractions, the so-called semiaroma- 
de sulfur compounds, parucularly the alkyl derlvatives of 1-thiatndan (2, 3-dihydroth!anaphthene) with subsd- 
tuents In the five-membered ring, are of interest as model compounds. In seeking a method for the synthesis of 
such compounds, we found that the presently unknown® 2- and 3-methyl-1-thiaindans (111) can be smoothly pre- 
"pared by stepwise reduction of the sulfones (1) of the corresponding 2- and 3-methylthiaindenes: 


‘R’ =H; R’ = 


A satisfactory method of synthesls of 2-alkylthlaindenes metalation of thiaindene with 
n-butyllithium and subsequent alkylation with dialkyl sulfates. By the action of dimethyl and diethyl sulfate on 
2-thiaindenyllithium, we obtained, respectively, 2-methylthiahdene and the previously undescribed 2-ethyi- 
thialndene. The 2-methylthiaindene was oxidized with hydrogen peroxide to 2-methylthiaindenesulfone (1a). . 
The structure of the 2-methyi-1-thiaindan (Illa) was proved by alternate synthes!s according to the schemes 


¢ We have previously shown [1) that on hydrolysis, allyl phenyl sulfide forms not o-allylthlophenol with admixed 


Q-methyl-2, 3-dihydrothfanaphthene, but, contrary to the data of Hurd and (2). propenyl pheny! sulfide 
and condensation products of the latter, 


LIAIH, 
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3-Methylthiaindenesu'fone (Ib) was synthesized by the method of Werner (3}; phenyl acetony! sulfide, . 
peepared from chloroacetone and sodium thlophenolate, was cyclized through the action of to 3-methyl- 
thiaindene and the latter was oxidized with H,O, to 3-methylthtaindenesulfone. The structure of the 3-methyl- 
1-thiaindan (111d) was proved by hydrodesulfurization over skeietal nickel; the yleld of cumene was 84% of 
theoretical. 


0.18 mole of thlaindane was metalated with n-C gL! by the method of reference (4). To an ether solution 
of 2-methylthlaindenyllithium was added a solution of 0.18 mole. of (CH;),SO, {in 100 ml of ether; the solution 
was stirred foc 1 hour, and then refluxed 0.S hour, The ether was distilled, and the residue was added to a solu- 
tion of C;H,ONa (from 0.1 mole of Na and 120 m! of alcohol) and refluxed for 0.5 hour. The mixture was treat- 
ed with water, and extracted with ether. Distillation of the extract under vacuum gave 2-methylthlaindene In 
91% yield; b. p. 92-93°/ 5 mm, m. p. 51-52° (reference [4] gives 51.5-52.5° for the m.p.). 0.14 mole of 2- 
methyl thiaindene In glacial CH;COOH was oxidized with a 200% excess of 27.3% H,O, for 1 hour at 100°. 2- 
Methyluhlaindenesulfone was obtained in 71% yield; m.p. 109-110° (from alcohol). Pe 
Found %: C 59.89; H 4.44; S$ 17.47 
C,H,SO,. Calculated C 60.00; H 4.44; $117.77 
To an ether solution of 2-thiaindenyllithium, obtalned from 0.05 mole of thlaindene, w was added 0.075 
mole of (C,H;),SO, in 50 ml of ether. The mixture was refluxed 10 hours, and then treated In a — similar 
to that described above and 81% yield of 2-ethylthlaindene was obtained; b. p. 95-96°/1.5 mm, ob 1,6063. 


: Found %: C 173.93; H6.31s $ 19.72 
Cuts. Calculated %: C 14.07; H 6.17; 19.75 


The 2-ethyithiaindene was oxidized similarly to the 2-methylthlaindene; the yield was The m. p. 86.5- 
81.S° (from alcohol). 


Pound C 61.86; H 5.153 S$ 16.31 
CypHypSO,. Calculated %: C 61.86; H 5.163 S 16.49 


A solution of 0.55 mole of 2-methylthiaindene in 700 ml of alcohol was hydrogenated over a 10 hour period . 
in the presence of 3 g of % Pd/C at an initial Hg pressure of 50 atm. Most of the alcohol was distilled and the 
residue was diluted with water to precipitate the the yield was 95%%,m.p.115- 
115.S° (from alcohol). 


Found %: C 59.38; H 5.53; S 17.67; M 182 
Calculated $: C 59.34; H 5.49; $17.58; M182 


0.15 mole of 2-methyl-1-thlaindansulfone in benzene was added to an ether solution of 0.23 mole of 
LIA1H, (in a manner such that the mixture boiled weakly), and the mixture was stlrred for 2 hours. The mixture 
was then diluted with water and steam-distilled; the distillate was exuacted with ether, The extract was dred Bie 
with MgSO, and distilled, an 81% yield of 2-methyl-1-thiaindan was obtained; b. p. 118-120°/ 21 mm. ab 
1,5905. The 2-methyl-1-thlaindan was treated by heating with an alcoholic solution of mercuric chloride, and 
the resulting complex was separated; the yield was 80%, m. p. 115-116". The complex was decomposed with 1% 
hydrochloric acid and the mixture was steam-distilled; a 4% ice of aie sist was obtained, b. p. 
123724.5 mm, 1,592, 1, 0859. 
Found %: C 72.04; H 6.10; S 21.08; M 149.8 
Calculated %: C 72.00; H 6.66; S 21.33; M150 


MRp found 46.76; calculated 45.94. EyRp calculated 0.82, ‘ 


Thiaindene was oxidized with H,O,; the yleld of was 141-142.5 (from 
- according to reference [5], m. p. 142-143°}0.42 mole of thiaindenesulfone was hydrogenated over a period of 4.5 
_ hours in the presence of 3.5 g of Pd/C at an Initial H, pressure of 20 atm. A 9% yield of Se * was 
obtained; m. p. 90-91° (from alcohol); according to reference (6), m. p. 91-92%. 


To a solution of 2- -thiaindansulfonylmagnesium bromide in benzene, prepared by the method of when 
{6} from 0.03 mole of 1-thiaindansulfone, was added 0.045 mole of CH]. The mixture was refluxed for 4 hours, 
and was then treated with water and extracted with benzene. The extract was dried with MgSOg, the solvent dis- 


. 
' 
' 
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tiled, and the residue twice recrystallized from alcohol to give a yleld of 2-methyl-1-thialndansulfone of 40% 
of theoretical; m. p.114-115°. A mixed sample with the sulfone obtained by hydrogenation of 2-methyi- 
thialndenesulfune showed depression of the melung point. 


0.08 mole of 3-methylthfaindenesulfone In 750 mi of alcohol was pa or over a period of 10 hours 
In the presence of 8 y of ~% Pd/C at an inidial H; pressure of 35 atm; the yleld (unpurified) was 9%, m. p.. 
(from alcoliol-water, 1:3). 


Found 59.50; 15.58; $17.28 
Calcu ‘ated %: C 59.34; H 5.59; $ 17.58 


0.22 mole of 3-methyl-1-thiaindansulfone In ether was added to an ether solution of 0.28 mole of LIAIH, 
(while lightly boiling the ether); the mixture was then stirred not more than 10 minutes and was treated as in 
& case of 2-methyl-1-thiaindansulfone; the yield of 3-methyl-1-thlaindan was 70%; b. p. 94.5°/ 4.5 mm, 
ob 1,5953. An 87% yield of the ae with HgCl, was obtained; m. p. 116-116.5° (fom alcohol). 


Found %: C 15.52; H 1.48; Hg 57.54 
C,H, 9S - 2HgC,. Calculated %: C 15.58; H 1.44; Hg 57.86 


3-Methyi-1-thlaindan was recovered from the complex in 67% veld; b. p. 96.5-977/ 6 mm, ab } 1,5969, 
1,0980. 


Found C 72.09; H 6.76; S$ 21.11; M 148.7 
Cotes. Calculated %: C 72.0%; H 6.663 S 21.33; M150 


MRp found 46.54; calculated 45.94; EMRp Calculated 0.60." 
The 3-methyl-1-thlaindan was oxidized with to the was 10%. 


Institute of Petroleum June 13, 1958 


Academy of Sciences USSR 
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CATALYTIC SYNTHESIS OF 4-METHYL-2-PHENYL-5,6-BENZOQUINOLINE AND 
2,4-DIPHENYL-5,6-BENZOQUINOLINE AND THEIR DERIVATIVES 


N.-S. Kozlov and I. A. Shur 
@resented by Academician A. A. Balandin June 14, 1958) 


As Is well known, the synthesis of 5,6-benzoquinoline and its derivatives Is acccmpllshed by ordinary me- 
thods of synthesis of quinoline compounds (1). Among the known methods, the most satisfactory method for the 
preparation of 2-methyl-5,6-benzoquinoline and its derivatives 1s the method of Dobner (2, 3], the basis of which 
is the condensation of 2-naphthylamine and various arematic aldehydes with pyruvic acld, The 2-phenyl-5,6- 
benzoquinoline-4-carboxylle acid and its derivatives formed by this reaction readily undergo a oa 
heating, being converted thereby to 2-phenyl-5. »6-benzoquinoline and its derivatives. 


But the method of Dobner cannot be considered ideal, since the synthesis of the quinciine base {s carried 
out In two stages, which complicates the reaction and lowers the yleld of the end products. 


A new method has recently been developed for the synthesis of 2-phenyl-5,6-benzoquinoline and Its deri- 
vatives by catalydc condensation of 2-naphthylamine and varlous aromatic aldehydes with acetylene (4, 5}. 


It should be noted, however, that the synthesls of 4-methyl-2-phenyl-5,6-benzoquinoline and 2,4-diphenyi- 
§,6-benzoquinoline and their derivatives has not yet been developed sufficiently [1]. We are aware only of the 
work of John and Hoziczka, who obtained a small yield of 4-methyl-2-phenyl-5,6-benzoquinoline by heating 
benzalacetone and 2-naphthylamine in a sealed tube, and the work of Dzlewonski [7], who accomplished the syn- 


thesis of 2,4-diphenyl-5.6- by the condensadon of 1-benzoyl-2-aminonaphthalene with aceto- 
phenone, ‘ 


It 1s well known that the 5,6-benzoquinoilne nucleus fs present In the composition a the physlologically 
active alkaloids of ergot and other plants. Therefore, it may be assumed that 5,6-benzoquinoline derivatives 
should also possess bactericidal properties. Hence, the development of new methods of synthesis of 4-methyl-2- 


phenyi-5,6-benzoquinoline and 2,4-diphenyl-5 6-benzoquinoline and thelr derivatives must be of scientific and 
peactical Interest, 


In setting up the present vinta; we were pw by the theoretical considerations which were paaning 
published by one of us [8]. We felt that Schiff bases, under appropriate conditions, would condense with acetone 
and acetophenone forming beta-arylaminoketones which, by cyclization, could be converted to diphenyl deri- 

vatives of quinoline. This reaction should proceed especially easily with the products of the Interaction of 
" acetophenone with Schiff bases obtained from 2-naphthylam(ne and aromatic aldehydes in view of the exceptional 
tendency of compounds of similar nature toward cyclization at the alpha position of the naphthalene ring [1}. 


Our experiments confirmed the correctness of the above, Indeed, under appropriate conditions, Schiff bases 
from 2-naphthylamine and aromatic aldehydes — benzaldehyde, anlsaldehyde, m= and p-nitrobenzalcehydes, and 
p-dimethylaminobenzaldehyde — react with acetone and acetophenone forming 2,4-diphenyl-5,6-benzoquinoline 
and 4-methyl-2-phenyl-5,6-benzoquinoline and 4-methyl-2-phenyi-5,6-benzoquinoline and their p-methoxy, 
p-dimethylamino, and m- and p-niuo derivatives, The majority of these compounds were prepared for the first 
time. The catalyst used In this reaction was 2-naphthylamine hydrochloride. 
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The mechanism of these reactions can be represented by the following equations; 


CH, —Co—R’ 
= CHi—GII,R NH —CH —GH,R 


R’ 
+ H,O + Hy, 


R=H—; p-CH,O —; m- & p-NO;; 
R’ = CH,; p-CH,O — p-NO;—GH,. 


GHR 


The reaction mechanism Indicated above was conflrmed by specially conducted exper!ments. For this 
purpose we developed a variant of the synthesis of beta-2-naphthylamino-beta-phenylproplophenone, which was 
converted by cyclization to 1,3-diphenyl-5,6-benzoquinoline, 


DESCRIPTION OF THE METHOD 


The synthesis of 4-methyl-2-phenyl-5,6-benzoquinoline and Its derivatives was carrled out by the follow- 
ing method. A reaction mixture consisting of 0.05 mole of the Schiff base, 0.05 mole of acetone, 10-20 ml of 
alcohol, and 1.0 g of 2-naphthylamine hydrochloride was heated on a water bath for 15-30 minutes. After the 
reaction mixture had been cooled, the precipitate was filtered, treated with ome ammonia, and crystallized 
from alcohol and toluene. 


For the preparation of 2,4-diphenyl-5,6-benzoquinoline and Its derivatives, a reaction mixture consisting 
of 0.05 mole of Schiff base, 0.05 mole of acetophenone and 1.0 g of 2-naphthylamine hydrochloride, was heat- 
ed, in the absence of a solvent. at 160-180° for 15 minutes. Further treatment was as In the eye case, The 
results obtained and the constants of the compounds synthesized are presented In Table 1. 


Thus, in the present work, we were able to develop a new and extremely practicable and coaventent me- 
thod for the synthesis of 4-methyl-2-phenyl-5,6-benzoquinoline and 2,4-diphenyl-5,6-benzoquinoline and their 
derivatives and to synthesize ten compounds of this serles, of which elght were previously undescribed. It ts 
quite clear that the introduction Into this reaction of other Schiff bases and the replacement of acetone and 

acetophenone by other up new routes for the of varled and numerous derlyatives of 5.6-. 


April 24, 1958 


; Perm Agricultural Institute . 
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THE EFFECT OF THE CATALYST SUPPORT ON THE COURSE OF THE 
CATALYTIC HYDROGENATION OF HYDROCARBONS OF THE CYCLOPROPANE SERIES 


M. tu. Lukina, S. V. Zotova and Academictan B. A. Kazanskil 


We have previously had occassion [1] to polnt out that the literature on the catalytic hydrogenation of 
cyclopropane hydrocarbons contains much conwadictory data relating to the course of the rupture of the three- 
membered ring. The majority of authors consider that in this zeaction, bond rupture and the addition of hydro- 
gen across the bond occurs between the two most hydrogenated carbon atoms [1-6], for example; 


However several cases of ring cleavage | at other locations have also been described [7,8]. In particular, 
Slobodin and co-workers[{9) consider that during the hydrogenation of gem-dimethylcyclopropane in the gentenes 
of nickel emai an kieselguhr, the reaction proceeds according to: 


These authors came to the conclusion that In this case hydrogenolysfs of the cyclopropane ring proceeds 
through an Intermediate, stage In which the alkylcyclopropane isomerizes to an olefin, which Is then hydrogenated; 
the presence of olefin in the products of incomplete hydrogenation was shown by means of Raman spectra, 


As to the causes of the different direction of cleavage of the three-membered ring, the authors expressed 
no opinions, and, apparently, tended to ascribe it to.the structural features of the particular hydrocarbon. 


There is, however; one important factor which can affect the direction of cleavage of the three-membered 
ting during hydrogenation, namely. the carrler of the hydrogenating metal, since the catalysts used are ordinarily 
supported catalysts, As we have previously shown, silica gel [10] and activated carbon [11) catalyze the lsomeriza- 
thon of cyclupropane hydrocarbons to olefins, though under different conditions; silica gel catalyzes the reaction 
even at a temperature close to 0°, while activated carbon Is active only at a temperature of about 200°, The 
isomerization proceeds by rupture of the C —C bond at the least hydrogenated carbon atom In the ring: | , 


It Is natural to assume that If the hydrogenading metal {s deposited on a carrier which, lke sillea gel and 
activated carbon, 1s capable of causing !somerization of cyclopropane hydrocarbons to olefins, then in the presence 
of such catalysts and under suitable conditions, the direction of ring cleavage will be different than when an Inert 
carrier Is used. Indeed, in the first case, the olefin hydrogenated will be that which {s formed by fsomerization of 
the alkylcyclopropane (Equation III), while in the latter case, the cyclopropane hydrocarbon itself will be hydro 
genated (Equation I). The relative lsomerizing activity of such supported catalysts will determine the course of 
the cleavage of the three-membered ring, ‘ 


In the present paper, we describe experiments on the {somerization of cyclopropane hydrocarbons to olefins 
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TABLE 1 TABLE 2 


rac- | B.p., °C 0 Aniline Catalyzate properties 
number | unsaturateds, % 
1 34.0-35,0 0.6375 |59,8 
2 '35,0-36,1 .9625}0,6412 [56,4 | 
loss 


1,3862 | — 
1,3889 | 38,4 20.1 
1,3915 | 85,6 45,0 


TABLE 3 


Fraction No. Amount, g ny 


49,4-49,7 1,3689 | 0,6493 
49,7-S6,1 2.6 1,3705 | 0.6543 
$6.1-57,6 1,7 1,3742 | 0,6604 

51,6 3,1 1,3746 | 0,6617 
$17,6-57,8 4,0 1,3748 | 0,6613 
57,8-58,4 1,3 1,3742 | 0,6609 
$8,4-67,5 0,3 ~ 
loss 0,2 


TABLE 4 


B.p., 

(160 mm) me. 
n-Pentane [15] 36,07 1,35745 0,62619 
2-Methylbutane [15] 27,85 1,35669 0,61963 
2,2-Dimethylbutane (15) 49,741 1,36876 0,64916 
2-Methylpentane (15) - 60,271 1,37145 0,65315 
2,3-Dimethylbutane [15] 57,988 1,37495 0,66164 


Hydrocarbon 


inthe presence of such substances as aluminosilicate, kleselguhr, and pumice, which are frequently used as 

carriers for the preparation of hydrogenation catalysts. It was found that in the presence of aluminosilicate, ._ 
ethylcyclopropane ts almost completely lsomerized to a mixture of olefins of normal structure even at 50°s over 
Meselguhr, Isomerization proceeds to the extent of 75% at 120°, while over pumice, Isomerization does not occur 
at all at 120° and proceeds to the extent of 20% at 170° and 4% at 220°, 


: if hydrogenation of cyclopropane hydrocarbons is cartled out in the presence of platinized carbon and 
platinized kieselguhr at 150° f.e., at a temperature at which activated carbon does not fsomerize hyrocarbons 
with a three-membered ring to olefins and kleselguhr promotes fairly extensive Isomerization, then fn the case 


of pladnized ee cleavage occurs only at the C —C bond between the most satis hydrocarbon 
atoms; 


—CHy—CH, (100%) @v) 


In the presence of platinized kieselguhr, chiefly the other bonds of the three-membered ring are cleaved, ou 
2,2-dim cede is formed ae the amount of only pall 


tt-CH, 


: 

ad 
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TABLE 5 : Thus, there fs no doubt of the effect of an active 
ws cartier (active In the sense of isomerization) on the 
Frac. 


tion No.} (760 mm) 


r} course of the hydrogerolysis of a three-membered 

ting. This can explain the different results obtained 

30,9-35,1 P 0.6235 when Kleselguhr or aluminosilicate was used as the 

135,1-35,9 ‘ 0.6256 carrier,as Opposed to the case when pumice cz activated 
35,9 : 0.6261 carbon was used, the hydrogenating metal being the 

35,9-36.1 0.6262 same In both cases, 

36,1-36,9 


Apparently this can also explain the differences - 

in the kinetics of cycloprepane hydrogenation observed 
by Bond and co-authors [12,13] in the presence of nickel 

on pumice and by Benson and Kwan [14] in the presence of nickel on aluminosilicate. It should be pointed out 

that these and other authors consider that the mechanism of cyclopropane hydrogenation consists of collisions of 

molecules of gaseous cyclopropane with hydrogen atoms adsorbed on the catalyst, which leads to the formation 

of cyclopropyl or propyl radicals. However, some such reaction apparently took place in the experiments of 

Bend, while in Benson‘s experiments a different reaction occurred, since there hydrogenation was preceded by 

{somerization of the cyclopropane to propylene due to the aluminosilicate which formed part of the catalyst. 

Such a reaction occurred in the work of Slobodin and co-workers[9]. cited above, where nickel on kieselguhr was _ 

used as the catalyst. 


- EXPERIMENTAL 


Isomerization of in the Presence of Aluminosilicate. Ethylcyclo- 
propane, with a b. p. of 35.9° (760 mm), nj) 1.3786; d4° 0.6841, and an aniline point of +17.9°, was passed at 

50° and a space rate of 0.2 hours~! deena a tube containing 10 ml of aluminosilicate catalyst. The resulting 
catalyzate instantly decolorized bromine water, and, according to its bromine number, contained 88.4% unsaturateds. 


' Isomerization of Ethylcyclopropane in the Presence of Kieselguhr. _ “Kisatibi® grade 
Keselguhr was finely ground, wetted with water, formed into pellets (3x 3 mm), and dried at 100°. 


Ethyicyclopropane was passed at 75° and a space rate of 0.2 hours~* through a tube containing 10 ml of 
kleselguhr. The catalyzate decolorized bromine water with difficulty. The catalyzate obtained zt 120° instant- 
ly decolorized bromine water, and had nj 1,3798 and dj? 0,6659. The product of its hydrogenation over platinum 
black had a b. p. of 34.0-36.0°.n}j 1,2624 and d2? 0,6398. The fractions were collected during distila- 
tion in a column of 40 dhscresieat plates (rable 1). 


It is apparent from the properties of the fractions that the ‘catalyzate consisted of n-pentane and ethyleyclo- 
ptopane. Calculation of the fractional composition from the specific volumes and aniline points showed that the 


catalyzate contained 74.2% n-pentane and Fe ethyicyclopropane properties of n-pentane are given in 
Table 4). 


Isomerization of 1,1,2-Trimeth yleyclopropane in the Presence of Pumice. Pleces of 
pumice, 6x 3 mm, were carefully purifled by bolling with HCl and washing with water until reaction with CNS® 
was negative. After being dried at 120°, 10 mi of pumice was placed in the catalyst tube and heated to 300° in 
an atmosphere of nitrogen. 1 1,2-trimeth yicyclopropane (b. p. 52.6° (760 mm}, n 13862, 0,6948) was pass- 


ed through the pumice at temperatures of 120-220° and a space rate of 0.2 hours™. The experimental results 
‘are presented in Table 2, 


In these experiments, 1,1,2-trimethyicyclopropane was not lsomerized at 120°, and at 170° and 220° fr 
was lsomerized to the extent of 20% and 4%, respectively. 


Hydrogenation of 1,1,2-Trimethylcyclopropane in the Presence of Platinized 
Kieselguhr. 1,1,2-trlmethylcyclopropane in a sueam of hydrogen was passed at 150° and a space sate of 
0.2 hours" through a tube containing 10 mi of platinized “Kisatibl” kleselguhr (20% Pt). 


The saturated catalyzate (nb 1,3740, at? 0.6583) was distilled in a column of 40 theoretical plates (Table 3): 


The constants of the hydrocarbons which oould be formed from ethylcyclopropane and 1 i et 
propane ate presented in Tabie 4, 


. 
- 
1 
- 
- 
: 


On the bass of a comparison of the data of Tables 3 and 4, it can be concluded that Fraction 1 consisted 
of 2,2-dimethyibutane, which was aiso present In Fraction 2, Fractions 3, 4, and 5 consisted mainly of 2,3- 
dimethylbutane. Fractions 6 and 7 also contalned 2-methylpentane. Thus, the catalyzate consisted of approxi- 
mately 1% of the product of direct hydrogenolysls (2,2-dimethylbutane) and 55% of the product of isanesteation : 
to olefins and subsequent hydrogenation (2,3-dimethylbutane and 2-methylpentane), 3 
Hydcogenation of Ethylcyclopropane In the Presence of Platinized Kleselguhe was 
carried out in the same as the of 1,1,2-trimethylcyclopropane. 2 from the distillation 
of the saturated catalyzate (nS 1.3569; ry 0,6242) are presented in Table 5. , 

From a comparison of the data of Tables 4 and 5S, it {s seen that Fractions 1 and 2 contain n-pentane with 
a small amount of 2-methylbutane. Fractions 3 and 4 consist of pure n-pentane. The composition of the catalyz- 
ate {s approximately the following: 87% n-pentane and 1% 2-methylbutane. 


Hydrogenation of 1,1,2-Trimethylcyclopropane in the Presence of Carbon, 
1,1,2-time thylcyclopropane was passed at 150° and a space rate of 0.2 hours™ — a tube containing plaunized 
carbon (20% Pt). The saturated catalyzate (3,8 g) had a b. of 50.1° (760 mm), 1,3685 and 0,6495; 


it was 2,2-dimethylbutane. 
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ON THE QUESTION OF THE SYNTHESIS OF CYCLOPENTYL- AND 


CYCLOHEXYL-SUBSTITUTED MESITYLENES 


£.S. Pokrovskala and N. A. Shimanko 
@resented by Academician A. V. Topchlev, June 11, 1958) 


~ 


As has been shown in a number of researches on the synthesis of alkylcycloalkylbenzenes, the Introduction 
of a cyclopentyl or cyclohexyl group Into an aromatic ring by reaction of cyclopentene or cyclohexene with 
aromatic hydrocarbons In the presence of anhydrous aluminum een proceeds smoothly and with good yield 


in many cases (1). 


Molar extinction coefficient, ¢ 


at 1 
2700 


Fig.1. Absorption spectra. 

1) durene 11) cyclopentylpseudocue 
mene [5), cyclohex yipseudocumene 
{5}. IV) cyclopentylmesitylene, V) 
eyclohexylmesityiene.. 


However, In the case of some alkylbenzenes, 


‘aluminum chloride causes lsomerization of the ori gin= 


al aromatic hydrocarbon. 


Atkylation of mesitylene with cyclopentene gave 
(b. p., 100°/ 2 mm; 
1,5330, d%° 0,9424, glass freezing point, — 45° (2). 
which was obtained by us earlier. This hydrocarbon was 
later prepared by this same route by Cagniant et al, the 
authors citing for this compound a b. p. of eee 15 
mm, 43° 0,943 and nf§ 1,5212 (3). 


A comparatively uncomplicated and completely 
rellable method of establishing the position of substi- 
tuents In monocyclic aromatic hydrocarbons with alkyl 
and cycloalkyl substitutents is by spectral analysis using 
absorption spectra obtained in the near ultraviolet re- 
gion [4-6}. In using this method, the better studied 
methylated benzenes can be used as standards of come 
parison. 


The absorption spectrum In the near ultraviolet 
region of trimethylcyclopentylbenzene {s shown as 
Figure 1, ¢. From the similarity of this spectrum to 
the spectrum of durene (Figure 1, 1) and the sharp dif- 
ference from the spectrum of Isodurene (Figure 2, 1), 
it can be concluded that in this uimethylcyclopentyi- 
benzene, the substituent: are In the 1, 2, 4, and 5 po- 
sitions, Hence, It may be concluded that uring the 
interaction of cyclopentene with mesitylene in the 
presence of aluminum chloride, lsomerization of the 


Mesitylene to 1,2,4-timethylbenzene occurs, and the 


©The: absorption spectra of allofthe hydrocarbons in the present paper were Investigated with the aldof an 


“Uvispek® photoelectric spectrophotometer with a quartz opucal system and with special temperature control for the 
cell Installedinthe camera; thisspectrophotometer is similar in action to the Beckmann and SF -4 spectrophotometers, 
The hydrocarbons were Investigated in equimolar solutions (0.00250 and 0.00350 mole /liter in spectroscopically 


isooctane .2,4-uimethylpentane)at 20°, 


| 
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Fig. 2. Absorption spectra. 
1) lsodurene [7], 11) pentamethylbenzene [7}. 


Q 


Molar extinction coefficient,« +M 


Fig. 3. Absorption spectra. 
1) dicyclohexylpseudocumene 11) dicyc- 


lopentylpseudocumene, III) dicyclohex yime- 


sityiene, IV) dicyclopentyimesitylene 


cyclopentyl! radical enters the ring In the 5 position. 
The timethyldicyclopentylbenzene resulting from 
this same synthesis was a viscous Ilquid with a b. p. 
of 159-160°/3 mm, nj} 1.5540, and which freezes to 
glass at— 10°, 


The spectrum of this hydrocarbon Is shown as 
Figure 3,11. As would be expected, this spectrum 
bears a marked similarity to the spectrum of penta- 
methylbenzene (Figure 2, II)¢. Though we did not 
have the opportunity to determine precisely the distri- 
bution of the substituents {n the molecule of this aro- 
matic hydrocarbon ulme thyldicyclopentylbenzene — 
we nevertheless consider the most probable structure 
to be 


With the alm of preparing cyclopentyIlmesitylene 
without lsomerization of the Initial material, we care 
ried out the alkylation of mesitylene with cyclopentene. 
in the presence of concentrated sulfurle acid. 


The ociginal mesitylene had the following pro- 
perties, which are in agreement with the literature 
values for mesitylene b.p., 163.5°/740 mm, 
1,4993 and dj’ 0.8651. The alkylation of mesitylene 
with cyclopentene was carried out with cooling In the 
presence of concenwated sulfuric acid. 


A substance having the following properties was 
{solated from the reaction products: b. p., 100.5- 
101.5°/3 mm and 266-267°/755 mm; njj 1.5343, 
0,9441, and m.p..— 8.7; the formula (by analysis) 
was C,H,» This hydrocarbon differed in physical 
properties from the above-described trimethylcyclo= 
pentylbenzene with the durene type of structure. - 


The absorption spectrum In the near ultraviolet 
region of this hydrocarbon (Figure 1, [V) also differed 
sharply from the specuum of the previously prepared 
uimethylcyclopentylbenzene (Figure 1, II), and it bore 
considerable similarity to the spectrum of isodurene 
2, 1). 


Hence, it follows that isomerization does not 
proceed during the condensation of mesitylene with 
cyclopentene in the presence of concentrated sulfuric 
acid, and the hydrocarbon synthesized was cyclopentyl- 
mesityiene (1, 3, 


The residue, which bolied above 270° ates distillation over metallic sodium, bolled In the range 155- 
160° at 31m. This product crystallized on standing. After several recrystallizations from ethyl alcohol, a 
white, crystalline substance with an m, p. of 63.7 was obtained. This solid hydrocarbon must have the structure 


eThe different natures of the subsutuent groups In trimethyldicyclopentylbenzene and pentamethylbenzene and 


thelr Investigation in spectroscope Instruments of different resolving powers were apparent in the Intensities of 


_ the maxima In the absorption spectra of these compounds, 


3 3 
WK, i 
Zz — 
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The absorption spectrum of dils hydrocarbon fn the near ultraviolet region {s shown as Figure 3,1V. This 
spectrum differcs Mttle in outward appearance, In position, and in Intensity from the absorpuion spectrum of 
1,2,4-teimethyl-3 5-dicyclopentylbenzene (Figure 3, 11). 


with the alm of preparing cyciohexylmesitylene, we carrled out the alkylation of mesitylene with cyclo- 
, hexene in the presence of anhydrous aluminum chloride. The reaction mixture was cooled with Ice. 


A Sytocarten having the following properties was {solated from the products of this reaction: b. p. 119- 
120°/2 mm; nj 1. 5309, di’ 0,9384, and f. p. to glass of — 19°. The hydrocarbon previously prepared by Bodroux 
had b. p. 283-284", n Di. 535 and d3° 0,946 [9], which are close to our data. 


A crystalline aaa with a m.p. of 148° was lsolated from the higher reaction products; this hydro- 
carbon, which Is not described in the Lterature, corresponds In composition to the formula Cy,Hy (by analysis). 


The considerable similarity which the spectrum of the liquid hydrocarbon In the near ultraviolet region 
(Figure 1, 111) bears to the spectrum of durene (Figure 1, 1) indicates that the interaction of cyclohexene with 
mesitylene in the presence of anhydrous aluminum chloride, even with cooling, proceeds with Isomerization of 
the mesitylene in complete analogy to this same reaction with cyclopentene. 


The synthesized hydrocarbon {s 1,2,4-trimethyl-5-cyclohexylbenzene. 


Considering the structure established for the Ilquid hydrocarbon, the most probable structure for the solld 
hydrocarbon (m. p. 148°) ts 1,2 en — The absorpdon spectrum of this hydrocar- 
bon {s shown as Figure 3,1. 


With the alm of obtaining unlsomerized reaction products, the condensation of mesitylene with iasidttaienia 
was carried out in the presence of concentrated sulfuric acid at mole ratios of mesitylene: cyclohexene: sulfuric 
acid of 2:1:2; the reaction mixture was cooled with ice. ‘ 


A substance with the following properties was isolated from the reaction products; b. p. 107-108°/2 mm, 
1.5320, dj? 0,9402, and f. p. 13.2 (crystalline), Its composition corresponded to the formula (by analysis). 


This hydrocarbon differed in its properties from the previously described cyclohexylpseudomesitylere. 


The spectrum of this compound (Figure 1, V) bore a great resemblence to the spectrum of cyclopentyl- 
mesitylene(Figure1,1V). An fsodurene type of structure was established above for the latter compound; hence, 
it follows that the structure of the synthesized compound corresponds to 1,3,5-trimethyl-2-cyclohexylbenzene. 


Thus, lsomerization does not proceed during the condensation of mesitylene with cyclohexene In the pre- 
sence of concentrated sulfuric acid, which 1s in complete analogy with this same reaction for cyclopentene. 


From the high-bolling fractions of the products of this reaction was Isolated, by distillation over metallic 
sodium, a fraction bolling at ~180-185°/3 mm, which distilled as a viscous mass and which crystallized oa 
standing. After several erg ager from alcohol, a substance was isolated which crystallized In the form 
of fine needles with a m. p. of 127.8, The composition C,H, was found for this hydrocarbon (by analysis). 


This solid hydrocarbon must have the structure orl 4-dicyclohexyi- 
benzene. 


The absorption spectrum of this hydrocarbon is shown as Figure 3. im. 


The meldng points of cyclopentylmedtylene, dicyclopentyimesitylene, cyclohexylmesitylene, and dicyclo- - 
bexylmesityiene were determined by a byN. which we express cur : 
appreciation, 


A.P. Bogomolova took part in the work, 
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INFRARED SPECTRA OF ORGANOLITHIUM COMPOUNDS. , 
THE INTERMOLECULAR LITHIUM BOND 


A. N. Rodfonov, D. N. Shigorin, T. v. Talalaeva and Corresponding Member 
AN SSSR K. A. Kocheshkov. 


The present work was devoted to an Investigation of the Infrared absorption spectra of organolithium com=- 
pounds of the types Alk ~ Li and Ar—Li. The spectra Investigated were those of methyl-, ethyl-, butyl-, dodecyl-, 
phenyl-, p- and o-tolyl-, and ———s which were prepared and purifled by the method described In 
references [1, 2}. 


Fig. 1. I. spectra of crystalline (a) and vaporous (b) 
and LIF 


In the a of machete ini 1), in agreement with the theory of vibrations of molecules of 


. this type. six fundamental frequencies were observed, among which the band with a frequency of 1052 cm=! fs 


assigned to the valence vibration of the C—Li group. Such assignment Is In agreement with an analysis of the 
spectra of ethyl-, butyl-, and dodecyllithium. Thus, for this serles of compounds, a valence vibration frequency 

of ~1050 cm*! for the C— Lt group {s characteristic. The change in the intensity and location of this band in 

the spectra of crystals and solutions of organolithium compounds also supports this assignment. Thus, in the 

spectra of methyl- and ethyllithium powders In vaseline oll, in pene to the band with a frequency of 1056 

cm-’, there is a new, intense band with a frequency of about 880 cm~!, which fs absent in the spectra of the vapors, 
In the spectrum of concentrated solutions of ethyllithium in benzene, the Intensity of the new band with maxima 

at ~925 cm“! and 880 cm=! Is significantly greater than the intensity of the band due to the free C—L! group, 


_ ‘The change In the Intensities of the bands at ~1050 cm? and those lying in the interval 915-880 cm~ are 


interconnected. The relative increase or decrease in the Intensity of the band at ~1050 cm~ fs alw2ys accom- 


_ panied by a decrease or Increase In the Intensities of the bands lying in the interval — cm”, These facts 


provide clear confirmation of the correctness of the assignment of, the band at 1050 cm=! to the valence vibrations 
of the C— Li group. 


The change in the frequency of the valence vibration of the C— Li group upon transition from the vapor 
state to the solid and solution states is apparently connected with participation of the C —LI group In crystals and 
solutions in some kind of Intermolecular Interactions leading to a shift of the C— Li band toward the at wave 
fengths, 


; 
| 
} 
- 
| 
as 


Transmission 


Fig. 2. I. f. spectra of ethyllithium In benzene at Fig. 3. I. ¢. spectra of solutions of ethyllithium fn 
various concentrations. a) 0.9 N solution, b) 0.4N hexane at different concentrations. a) 0.6 N solution, 
soludon, c) 0.23 N solution, NaCl prism,d=0.3mm =) 0.4 N solution, ¢) 0.27 N solution. NaCl prism, d= 


0.1mm. 


Thus, the spectra show unequivocally that the molecules of organol{thlum compounds In crystals and In 
solutions are associated with the formation of complexes. This conclusion fs in complete agreement with the 
work of other authers [3-6], who reported cryoscopic and ebullloscopic data supporting association of these 
pounds, Naturally, during a transition from the solid state to solution in — ns the character of the 
association should change substandally. 


If the existence of chains {s possible In solutions in nonpolar solvents, the formation of aggregations with a 
decrease In the over-alldipole interaction Is more favored; this can be realized through the formation of different 
rings and also by a change fn the nature and length of the chains. Thus, in the spectra of freshly prepared solu- 
dons of ethyllithium In benzene, toluene, and m-xylene, the majority of the molecules are associated, with a 
predominance of one of the types of aggregates (926 cm="), On dilution, the enenve intensity of the band at 
926 cm~ sharply decreases and those of the bands at 875, 1050, and 1100 cm~ Increase (Figure 2). 


When a solution of ethyllithium In benzene 1s heated to 70° or when such a solution Is allowed to stand in an 
atmosphere of nitrogen In the light. a similar change In the Intensities of these bands Is observed. It fs possible 
that different types of aggregates actually exist In solution, and these types are converted one into another under 
the Indicated conditions. Such a conclusion Is in conformity with cryoscopic data, which give association — 
of six [4, 7, 8) and two [6] for benzene solutions of ethyllithium. It can be assumed that the band at 875 cm 
belongs to the C —LI... group in dimers and the band at 926 cm=* is associated with this group In hexamers. 


Investigation of the spectra of solutions of ethyllithium in hexane, cyclohexane, and cyclohexene (the 
ethyllithium was recrystallized from these same solvents) shows that the fraction of the molecules not pardcipating 
in aggregates Is greater than the fraction of associated molecules, and the nature of the aggregation In these sol- 
vents {s different from that in aromatic hydrocarbons. Thus, in the spectra of sotations of peor in hexane 
and cyclohexane, the very wae bands of the free C —L{ groups at about 1050 cm= and 1100 cm~! and the 
bands at $26 cm=! and 877 cm™ appear only at higher concentrations, and thelr Intensities drop with dilution of 

- the solution (Figure 3). The nature and degree of association of R—Li molecules in a given solvent must depend 
considerably on the length of the hydrocarbon chain, With an Increase in chain length, the probabllity of the 
formation of cyclic aggregates must decrease and that of the formation of Inear complexes must Increase. AN. 
exception Is methyllithium, in which the methyl group interferes with the formation of cyclic aggregates In solu= 
tions, and this apparently{s explained by the insolubility of CH,Li inhexane and benzene. It 1s obvious that a change 
in the nature and degree of association of R— LI! molecules with changes In the nature of the compound, the sol 
vent, the concentration, and the temperature must have a considerable effect on the dipole moment. Therefore, 
it may be assumed that the dipole moment of ethyilithlum measured In dilute hexane solutions must approach the 
dipole moment of the free molecule, Measurements carried out by V. N. Vasil ‘eva together with us actually 

showed that in dilute solutions of ethyllithium In hexane, p ~ 1.1 D, while the dipole moment of ethyllithium fa 


: 
a & 1 
a 
000 


benzene 1s 0.77 D ané does not change with dilution. The different behavior of ethyli{thlum fn allphatic and 
aromatic hydrocarbons can be explained on the basis that the energy of dispersive Interaction fs greater between 
cycile aggregates and benzene molecules than between cyclic aggregates and hexane molecules owlng to the 
greater polarizability of the molecules of the first solvent. The lower solubility of ethyllthium fn hexane is 
apparently connected with tls. 


Our data Indicate that benzene does not take part directly In associations with ethyilithium, 


On the basis of all of the experimental data we have concluded that association of organolithium com- 


pounds by means of an intermolecular lithtum bond occurs, J.et us consider all possible cases of formation of 
this bend. 


—38 +8 8 


The first type of interaction {s the most probable of the three possible cases, since the o- Li dipotes are lined 
up with opposite charges opposing each other. In the second and third cases the dipoles have similar charges 
Opposed, and, therefore. these cases of interaction are less probable. If a lithium bond should exist between the 
CLI group and a hydrogen atom, such Interactlon would be more favored with methyl group hydrogens, not 
only of the molecules of organolithium compounds but also of the solvent. If C —Li --- H—C Interactions were | 
present, changes in the bands of the CH, group should be observed in the spectrum, and there should be no de- 
pendence of the intensity of the C~Li++-+ group on the concentration of the solvent. The experiments showed 
the reverse to be the case. Thus, there page the single possible explanation of the association of organolithium ~ 
compounds through the groups — and 
+ 

An {mportant condition providing for the formation of a lithium bond between — 

groups Is the presence of dipole moments. 


However, direct Interaction between Hthium and carbon atoms of two molecules, C—Li ---C—LI, fs 


hindered by the screening due to the two hydrogen atoms bonded to the carbon. Apparently the lithlum bond 
also occurs with some participation of hydrogen atoms of the methylene group. Such a supposition Is {n agree- 
ment with the fact that bands with frequencies in the region of 2750-2870 cm-!, which can be assigned to the 
group H,C — Li group taking part In association, are observed in the spectrum of ethyllithium. These 
frequencies are not observed in the spectrum of ethyllithium vapors. Thus, In our study of the Infrared spectra 
of organolithium compounds, we observed and ge the formation of Intermolecular lithium bonds 


-8 
— and—C" hth 


A peculflarity of this bond Is that the carbon atom participating in the formation of the nous does not have an 
*unshared” pair of electrons. Nevertheless, this bond is quite stable (the relative shift amounts to 17%). 


The explanation of these facts must apparently be sought in the special nature of the Uthium atom: the 
small radius, the significantly lower ionization potential, and the possibility of using the in com- 
‘patison with the hydrogen atom. 


Appatently, the nature of the forces causing association of molecules of organolithium compounds through 


the Lithium bond do not differ in principle from the forces arising in the formation of hydrogen bonds in BH, and 
R,AIH molecules (9). The formation of the iMthium bond in CHg— Li - - «CH, —Li systems can be understood 


from the point of view of the formation of molecular orbitals with the participation of valence electrons of 
CH; — Li groups and also of dipole Interaction between them, 
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INVESTIGATION OF THE SYSTEM SnTe — GeTe 


. N. Kh. Abrikosov, A. M. Vasserman and L. V. Poretskaia 
(Presented by Academician L, P, Bardin, June 28, 1958) 


In previous work[1, 2), we investigated the pseudobinary systems formed by semiconductor compounds 
with a structure of the type of NaCl: PbSe— PbTe and SnTe—PbTe; it was shown = continuous series of solid 


solutions are formed in both systems, 


In the present work, the temary system Sn ~ Ge — Te was investigated along the section SnTe GeTe, 
Metallic properties appeared to a {n both compounds, 


Fig, 1, Equilibrium diagram of the Fig, 2, Microhardness of the alloys. 

TABLE 1 The equilibrium diagram of the system Sa — Te 
Lattice Constants of the Alloys was investigated by Pelabon (3), Fay [4], Biltz and 


Mecklenburg [5], and Kobayashi[{6}. There is one 
chemical compound in this system, SnTe, which melts 


SaTe { GeTe a. % a with an open maximum at 790, The heat of formation 
wt. % 7A of the compound SnTe fs 14,65 kcal /mole{7}, On the 
magnetic susceptibility isotherms of the liquid alloys 
100 0 6,29 9° there {s a sharp minimum corresponding to the compos 
80 20 6,24 8940° sition of the compound SaTe, which indicates that 
60 40 6,16 26° dissociation of this compound {1s very Insignificant 
40 60 6,10 88° 58° _ A region of solid solutions based on the compound 
20. 80 6,04 ss°3s* SnTe was not observed, The compound SaTe has a 
ai 100 5,94 88° 22° structure of the NaCl type with a lattice constant of 


6.285 A {9}. According to our data (2). the electrical 
conductivity of SaTe is 8350 ohm™+cm™, and the 
their electromotive force with to copper fs 21 v/degree, 
“+ - The equilibrium diagram of the system Ge Te was worked out by Klemm ‘a Frischmuth (10}. In this 
-’ ‘system, there fs one chemical compound, GeTe, which melts peritectically at 725°, Schubert and Fricke [11) 


~ determined the crystal structure of the compound GeTe, At room temperature, this compound has a face-centered 
thombohedral lattice with the parameters a = 5,962 Aand a = 28°21", With an increase In temperature, this lattice 
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transforins to a face-centered cuble NaCl type with a constant of 5,986 A at 460° from the germantumerich side 
and 5,97 A at 390 froin the tclluriume-rich side, This transition occurs gradually as the temperature ts Increased, 
This difference In transition temperature with a change in composition can be explained by the solubility of the 
components in the solld compound, In the opinion of the authors of reference (11), the Mmit of the region of 
solid solutions based on the compound GeTe Is at a concentration of 50 atom & Te on the tellurium-rich side, 


The equilibrium diagram of the system Sn —Ge fs an eutectic type with the eutectic lying very close to 
pure tin, The cutectic melting point is 232° {12}, 


The starting materfals for the present Investigation were germanium with a resistivity of 10 ohm-cm, grade 
Ol tin, and the sccond form of tellurium, which was purified by two-fold vacuum distillation and had a content | 
of tron silicon, aluminum, and magnesium of less than 0.01%, The samples for investigation were melted in 
evacuated sealed tubes, The liquid alloys were mixed by repeated shaking of the tube, and were then cooled In 
alr, Annealing of the alloys was cartricd out at 450 for 320 hours for those samples used for the Investigation of 
propertics and at 500° for the samples for x-ray analysis, After annealing was complete, the tubes in which the 
alloys were sealcd were taken from the furnace and cooled in air. The equilibrium state of the alloys was checked 
by an investigation of the microstructure, Sections were etched with dilute (1: 1) nltric acid, This etchant ime 
parts a dark color to SnTe and a lighter color toGeTe, Thermal analysts was carried out by recording the cool- 
ing curves of cast alloys and the heating curves of annealed alloys with a N. S, Kurnakov pyrometer and a dif- 
ferential thermocouple, The standard was a TA PbSe and had PbTe alloy which had been brought to equilibrium 
by lengthy annealing, ; 


The x-ray photographs were taken with Debye cameras using iron rad{ation, The microhardness was 
measured on a PMT~-2 apparatus at a load of 20 g, The investigation of the electrical conductivity and thermal 
electromotive force was carried out with a PPTV-1 potentiometer. The therma} — force was measured 
with respect to copper, 


The results of the thermal analysis are shown in Figure 1, Theliquidusand solfdus lines pass weiner 4 
minimum at a concentration of about 80% GeTe and a temperature of 700°. All curves on the thermograms had 
a form typical of the crystallization of solid solutions, Investigation of the microstructure of the alloys showed 
' that a continuous series of solid solutions was formed; the alloys, after annealing, were single phase and had a 
polyhedral, coarsely crystalline structure, In the cast, rapidly cooled alloys, the , ape, after etching of the 
sections, were colored irregularly owing to dendritic liquefaction. 


The results of the thermal analysis and investigation of the microstructure were confirmed by xeray en 
and a study of the properties of the alloys; the x-ray pictures of the annealed alloys showed a gradual transition 
from the face-centered cubic lattice of the compound SnTe to the face-centered is sina lattice of the 
compound GeTe, 


Table 1 presents the lattice constants of the alloys investigated, 


The microhardness of the alloys changes with composition along a curve with a maximum (Figure 2), The 
electrical conductivity of the cast alloys changes along a curve with a min'mum (Figure 3), and the thermal 
electromotive force of the cast and annealed alloys changes along a curve with a maximum (Figure 4), (The © 
electrical conductivity of the anhealed alloys was not measured due to the high brittleness of the alloys in the 
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central part of the system), The propertics of the alloys are characteristic of a system in which a continuous 
series of solid solutions are formed, 


This investiyation of the system Sn ~ Ge — Te showed that ja this system, along the section between the two 
fsostructural compounds SnTe and GeTe, there fs forined a continuous series of solfd solutions with a minimum on 

the melting diagram; the face-centered cubic lattice of the compound SnTe gradually changes to the face-centered 
thombohcdral lattice of the — GeTe. 
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- May be considered as an Instance of telomerlzation occurring by a condensation mechanism ("condensation 


CONDENSATION TELOMERIZATION AND A NEW TYPE OF 
UNSATURATED POLYESTERS (POLYESTER ACRYLATES) 


A.A. Berlin, G. L. Popova and E. F. Isaeva 
(resented by Academician A. V. Topchlev, June 25, 1958) 


Investigations of the polymerization of dimethacrylate, allylmethacrylate, and carboxyallylmethacrylate 
esters of glycols have shown that with an Increase in the distance between double bonds, the polymerization rate 
increases [1-2] 


This pecullarity of di- and actylates distinguishes them from the conerponding diethers and 
dlesters of allyl and vinyl alconcls. 


The possibillty of obtaining highly active di- and polyfunctlonal monomers with a large number of *cross- 
linking” groups {s of considerable theoretical and practical Interest, since this would open up the possiblities; 1) 
of varying the NMexibility of the cross links, 2) of regulating the contraction during the transition from monomer 
to trimer to polymer, and 3) of obtaining thermally stable polymeric products with a wide tangs of physico-me- 
chanical properties. * 


In synthesizing such inate, we made use of the principle of regulation of chain growth during polyer 
terificstion of dibasic acids with glycols and glycerin by the addition of methacrylic (or acrylic) acid, This me- 
thod of preparing comparatively low molecular-welght compounds with a given type of terminal functional groups 
telomerization”), 


The mechanism of reactions of this type has still not been studied, although iain are Indications that acid“ 
hydrolysis occurs during polyesterification leading to a decrease in the polydispersion and May when saturated 
monobasic acids are added during polyesterification of dicarboxylic acids with glycals [3, 4}. 


In {tsover-all form, the process of forming polyesters with terminal methacrylate (oc acrylate) groups, which 
we call “polyester acrylates®, can be represented by the scheme 


R (OH) +R (COOH), + 2m City = d_coon 
d_coor (OCOR,COOR),OCOC = CHy 


< 


The condensation telomerlzation was carried out in ine.t solvents (benzene or toluene) the ‘water formed 
being removed by azeotropic distiijation, 


Phosphorle, sulfuric, ethylsulfurie, and p-toluene-sulfonic acids were as catalysts. 


The highest reaction rate (process time of 8-12 hours) and the highest ylelds of polyester acrylates (85-95% 
of theoretical based on the dibasic acid) were obtained using sia sulfuric or p-toluene-sulfonic acid in the 
presence cf 0.5-0.8% hydroquinone, 
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“TABLE 1 


Proparttes of Polyester Acrylates 
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Under the conditions used, the degree of poty- 
merization of the polyester acrylates depends mainly 
on the component ratlos, primarily on the amount of 
methacrylic (or acrylic) acid. 


For calculating the degree of polymerization to 
a first approximation, we used the simple relationship 
developed foc similar polyesters; n = 2L/B, where L 
{s the number of moles of dibasic acid, and B Is the 
number of moles of monobastc acld. 


On the basis of this equaticn, with a ratio of 1 
mole of dibasic acld to 2 moles of glycol to 2 moles 
of methacrylic acid, the formation of polyester 
acrylates with n = 1 would be expected. When glycerin 
{s used, a monomeric product should be obtained when 
4.0 moles of monobasic acid are used. 


A decrease in the amount of methacrylic acid 
to 0.5-0.1 mole led to higher polymerle products 
(n = 4). After the polyesters had been distilled, washed, 
and dried, they were freed from tarry impurities by 
means of activated aluminum oxide, 


Attempts to fractlonate the polyesters at pres- 
sures down to 10°* mm were unsuccessful owing to 
thelr low * oladility and very great tendency to poly- 
merize, 


The molecular weights, determined cryoscop!l- 
cally, the molar refracticns, bromine and ester num- 
bers, elementa! analyses, and hydroxyl group contents 
indicate that the major part of the products consisted 
of polyesters for which n corresponded to the calculated 
value (see Table 1), 


This conclusion {s conflrmed by the fact that 
dimethacrylate-(bls-ethyleneglycol) phthalate syn- 
thesized from the methacrylic acid ester of ethylene 
glycol according to the reactions 

CH, 


é 
2 = C — COO) CH,CH,OH + GH, (CO): O 


was practically indistingulshable from the correspond- 
ing compound synthesized by condensation telomerl¢ - 
zation at L/B = 1/2 (see Table 2). . 


The polyester acrylates described In the present 
paper will find ever-increasing use for the production 
of various polymeric matetlals. 
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TABLE 


Comparison of the Physicochenilcas Properties of Phthalates Prepared 
by Single and Two-Stage Methods 


Elemental composition, % 


Ester 
number 


Calculated data 575 96,64 

Single stage method of 
synthesis 570 1,500 97,20 

Two-stage method of : 
synthesis _ | 572 1,500 97,20 
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FERMENTATIVE SYNTHESIS OF OPTICALLY ACTIVE PEPTIDES FROM 
GLYCOLIC ESTERS OF D,L-AMINO ACIDS 


M.M. Botvinik and V. 1. Ostoslavskala 
@resented by Academician A. N. Nesmelanov, May 8, 1958) 


It was recently shown by one of us (1) that esters of benzoylphenylalanine and 6 -hydroxyamino acid esters 
formed at the hydroxyl group of the hydroxyamino acid, the so-called O-peptides, can react with esters of amino 
acids and peptides fn the presence of chymotrypsin with the formation of new optically active N-pepddes, The 
reaction proceeds selectively, which results in the formation of optically acdve pepddes. 


Such reactions can be used for the synthesis of relatively scarce peptides. However, the usé of O-peptides 
of serine in this reaction {s not advantageous, and the ethyl esters of acylated amino acids react very poorly. 
_ Therefore, the present work was devoted to a study of the feasibility of using the avallable esters of hydroxy 
acids — glycolic and lactic. 


The acylamino acid donors used were glycolic and lactic acid esters — seapiaiahdtipeatin benmiee L- 
phenylalanylglycolic, benzoyl-D L-phenylalanyllactic, and carbobenzyloxy-D, L-phenylalanylglycolic acids. The 
acceptors were the ethyl esters of glycine, L- and D,L-leucine, L- and D,L-phenylalanylglycine, L- and D,L- 
leucylglycine and the ester and amide of glyclyglycine, Esters or amides of acylated N-peptides or L-phenylar 
‘anine were focmed In all cases. 


C,H,CHCH — COOCH COOH 
HCOCH.GH, 


+ NH,CHCOR’ ~ C,H,CHCHCONHCH (R) COR’ 
NHCO,CH:GH, 

R’=OGH, R=CH;, R’ = R=H, R’ = NHCH,CO,GH,. 

R==CH,, R’== R==CH,CH;, R’ = NHCH,CO,CH, 

R= GH, R’ NHCH,CO.G.H; R=H, = NHCH;CONH,. 


R—H, 


In those cases where the acceptors were optically active esters of amino acids or peptides, the cocrespond- 
ing optically active L.L-peptides were obtained; {if the acceptors were esters of racemic amino acids or peptides, 
the major poction of the resulting product was the same L,L-peptide, as was shown by the similar. values of the 
specific rotation and the absence of a depression of the mixed melting point. 


The carbobenzyloxy group was removed by hydrogenation from one of the esters of carbobenzyloxy dipep- 
tides, and the resulting hydrochloride of the dipepdde ester was introduced Into the reaction as an acceptor, In 
this manner was obtained the ethyl ester of carbobenzylox y-L-p.ienylalan yl-L-phenylalanyiglycine, 


NHCO,CH,G.H, 
C.H.CH.CH — CONH — CH — 
HOO,CH,CaHy 


: 
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TABLE 1 
The Interaction of Glycolic and Lacue Esters of Acyiated Amino Acids with Esters of Actds and Peptides 


Experiment Weight, Acceptor Welght, |D/A,mole Time, 
1 O-benzoyl-D L-phenyl- [Hydcochtoride of the 
alanylgtycolle acid 0,2 ethyl ester of: 0,3 1:3,5 | i : 
2 O-benzoyl-DL-phenyi- 
alanyllacdc acid 0,1 glycine 0,15 1;3,5 1 
3 O-carbobenzyloxy-D,L- 
phenylalanylglycolic 
acid 21 glycine 3 1:3,7 24. 
4 The same 0,49 D.L-leucine 1,6 1:4 24 
The same 0,22 | L-leucine 0,6 1:3 
6 ‘|The same 0,28 | D-phenylalanylglycine| 0,75 -| 1:5 24 
Bae The same 0,22 | L-phenylalanylglycine from 
8 The same 0,28 DL-leucylglycine : 
9 The same 0,14 | Le-leucylglycine 0,3 1:3 1 
_ The same 0,47 glycylglycine 0,7 1:3 24 
11 |The same 0,21 of glycylglycine 0,4 1:4 
12 Hippurylglycelic acid 0,2  |Hydrochloride of ethyl 
ester of glycine 


*CBZ— carbobenzyloxy 


It is possible to extend this reaction to the synthesis of peptides of greater chain length. The yields of esters of 
carbobenzyloxy peptides was 30-60% calculated on the L-antipode. Since, in the majority of cases, the material 
was precipitated from the reaction solution, thelr purification did not present any special dif Neulty. 


Preliminary experiments showed that It Is not necessary to use crystalline chymouypsin in carrying out 
this reaction; It can be carried out with an extract from the pancreas, 


1. Synthesis of O-benzoylphenylalanylglycolle acid. 9-Hhenyt-6-tinhiaieO-eegieliniien (from 3 g of 
- benzoylphenylalanine) was refluxed on a water bath for about 4 hours with 1.2 g of glycolle acid in ether-dloxane 
solution, The soludon was evaporated under vacuum, and the oll which separated was dissolved In absolute ben- 
zene, The Insoluble glycolic acid was filtered, and the solution was again evaporated to a light yellow ofl, which: 
— when worked with water, The yield was 3 g, 83%; m. p. 79-80° (from alcohol), 


Found %: C 66.03; 66.14; H5.28; 5.37 . ; 
Calculated %: C 66.053 H 5.19 


2. Synthes!s of O-benzoylphenylalanyllactlc acid, 2-Phenyl-4-benzyl- -5-oxazolone (from 3 g of benzoyt= 
phenylalanine) was refluxed 1 hour with 2 g of Jactic acid in ether solution and allowed to stand for 18 hours. ; 
The ether was distilled under vacuum, and the remaining oll was washed with water. The residue was dissolved 
fa alcohol, and the acid was water, The yleld was 3 5, 80%; 

p. 160-162", 


Found 66.81; 66.71; H 5.60; 5.18; N 4.213 4.16. 
Calculated C 66.86; H5.5%; 4.105 


3. Synthesis of O-(carhobenzyloxyphen ylalany!) glycotle acid, a) 5 g of carbobenzylox yphenylalantne in 
chloroform was weated with 2.4 mil of ulethylainine; the mixture was cooled to 1¢, and 1.6 ml of ethyl chlo- 
socarbonate was added. After 10 minutes, a cooled chloroform solution of 2.5 g of glycolle acid and 4 mi of 
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TABLE 2 
Amides and Esters of Peptides 


Yield Analysis, % 
Coinpound M. p. °C 2 


Ethyl ester of carboben- 
zylox y-L-phen ylalan yl: 
glycine 

4 |L-leucine 


—25,78°° 
58 (C = 1,3%, alcohol) 
32 —30,54° 
36 |(C =0 7%, “alcohol) 
§ |L-leucine 34 | —32,07° 
Sh 
30 
48 


109 
100]114—115(") 


(Cc = 2% 79 Bicohol) 


6 | L-phenylalanyl glycine 110}184,5— 67,89 |C 67,70 
85,5()} 11 6,42]H 6,21 (C=1,4%, dioxane) 
N 7,92|N 7,909) 
7 | L-phenylalanyl glycine  — ~ —26,05° 
(C=0,6%%, dioxane) 
8 | L-leucylglycine 41) 154—155 
= 1,4%, 
[L-leucylglycine 57 | 55] 154-155] — ~ —26 
(Cai, 85%, alcohol) 
10 Blycylglycine 30 | 196—197 |C 61,14 |C 61,16 +10,31° 
as the amide) | (cC=0, 7%, methyl 
4i | Amide of L- henylalanyly24 | 25! 496—197 “Amide “Amide 
glycylglycine . 3,44 3, 
42 | Ethyl ester of hippuryl- 10) 173 
glycyigtycin 
1 est be ~ 


2 18 146-147 | — ons 


data: [a 17,3 + 0,5° (C = Sp, alcohol) (*) 16,6" (C = 2p, alcohol) (4; 
— (C = alcohol) (a — 34° (C = 1,25%, alcohol) 


triethylamine was added to the solution, and the mixture was allowed to stand for a day at 20°. The solution was 
then washed with 2 N HCl and water, and was then evaporated; the residue contained an of] which, along with 
the O-carbobenzylox yphenylalanylglycolic acid, contained some unknown neutral substance. For removal of the 
impurity, the ofl was again dissolved in chloroform, and was treated with a.1N solution of soda. For better se- 
paration of the layers, ether was added. The soda solution was rapidly acidified with 2 N HCl, the oll which se~ | 
parated was extracted with chloroform, and the chloroform solution was evaporated under vacuum. Numerous 
attempts to crystallize the resulting ofl were unsuccessful, Equivalent; found, 384, 400; calculated, 357, 


Saponification of the ester bond. 0.0260- and 0.0209-g samples were back-tltrated In alcohol solution, and 
each of the resulung solutions was added to 10 ml portions of 0.61 N NaOH; the solutions were boiled for 1 hour 
on a water bath, 10 ml of 0.01 N H,SO, was added, and the solutions were back-ttrated. 5.4 and 4 ml, respectively, 
of 0.01 N NaOH were required to dtrate the resulung carbobenzylox yphenylalanylylycolic acid. nepaenins the 
oll contained 80% carbobenzylox acid, 


b) 2.5 g of carbobenzylox yphenylalanine and 1.3 ml of alethylamine in 15 ml of tetrahydrofuran were” 
cooled to— 10°, and immediately 0.8 ml of ethyl chlorocarbonate was added, This was allowed to stand 10. 
minutes In the cold, and 2.8 mi of triethylamine and then immediately 1.2 g of dry glycolic acid were added. 
CO, was evolved, The mixture was allowed to stand for another Sminutes {n the freezing mixture and then 
overnight at ~— 20°, The mixture was partially evaporated and washed repeatedly with ether. The Insoluble 
semainder was acidified and again extracted with ether, The ether extracts were washed with water and evapora- 
ted. The residue contained a colorless oll, The yield of carbobenzylox yphenylalanylglycolic acid was 2.1 g. 
Equivalent; found, 372, 367; calculated, 357, 
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Sapontfcation of the ester bond. 0.0239- and 0.0256-g samples of the material were back-ttrated In 
alcoholic solution, and the resuldng solutions were added to 9.472 ml of 0.01 N NaOH; these mixtures were 

bolled for an hour on a water bath. S ml of 0.01 N H,SO, was added, and the mixtures were back-titrated. 4.68 
and S.3 mil, respectively. of 0.01 N NaOH were required to titrate “td carbobenzyloxyphenylalantne. Consequently, 
the oll contained 72-76% carbobenzyloxyphenylalanyl glycolic acid, 


Ammonolysis. 0.1718 g of the material was treated with 5 ml of a 25% solution of ammonta; after 1.5 
hours, the precipitate was filtere¢. The yleld of the amide of carbobenzyloxyphenylalanylglycolic acid was : 
0.102 g, which corresponds to a 7% content of O-carbobenzyloxyphenylalanylglycollc acid in the ofl. M. Pe ae 
181°, 
Found %: C 68.23; H 6.14; N 9.48 
Cyqtt,gO,N,. Calculated %: C 68.45; H 6.04; N 9.39 


4. Synthest!s of the hydrochloride of the ethyl ester of L-phenylalanylglycine. The hydrochloride of the 
ethyl ester of L-phenylalalanylglycine was obtained in quantitative yield by hydrogenation of the ethyl ester of 
carbobenzylox y-L-phenylalanylglycine over Pd/C in alcoholic acid M. Pe 139° (hom 
alcohol-ether soludon). 


Found %: C1 12. 84; NH,/N 4.82 
Calculated Cl 12.56; NH,/N 5.13 


The hydrochloride of the ethyl ester of L-leucylglycine and the ss enlieanisneane of the nite of Blycylglycine 
were prepared similarly. 


5. Synthesis of optically acuve peptides. A welghed portion of the glycolte or lactic ester of the acylated 
amino acid mixed with the hydrochloride of the ester of the amino acid or peptide was dissolved In the minimum 
amount of alcohol, neutralized with 1 N NaOH, and 2 ml of phosphate buffer, pH 8, was added. The pH of the 
solution was then reduced to 7.8-8.2 (checked with an LP-4 potentiometer), and 1-1.5 g of the enzyme was added, 
The temperature of the reaction mixture was ~ 20°, After 5-15 minutes, the peptide began to precipitate. After ‘ 
the time Indicated in Table 1, the precipitate was filtered, washed with 1 N HCI to the disappearance of a 
ninhydrin reaction and with a soda solution to the disappearance of a reaction with KI and KIO;+ starch. and was 
recrystallized from aqueous alcohol. If a precipitate did not form during the reaction, the entire solution was - 
evaporated under vacuum, and the residue was treated with chloroform or ethyl acetate,washed with 1 N HCI, 
water, and soda, and evaporated, The reaction conditions and the results obtained are presented in Tables 1 and 2. 


M. V. Lomonosov Moscow _ Received April 26, 1958 
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PREPARATION OF AND INVESTIGATION OF THE PHYSICOCHEMICAL PROPERTIES OF 
FRACTIONS OF CARBOXYMETHYLCELLULOSE 


K.F. Zhigach, M. Z. Finkel’shtein, 1. M. Timokhin and A. I. Malinina 
@resented by Academician A. V. Topchiev, July 3, 1958) 


"In recent years, water solutions of the sodium salt of the carboxymethyl ester of cellulose (carboxymethyl- 
cellulose — CMC) have found widespread practical application, 


CMC {fs used in various flelds of engineering as a stabilizer, emulsifler, sahetve, an attave | to synthetic 
detergents, and for many other purposes [1, 2}. 


Carboxymethylcellulose Is a complex polydisperse product cons{sting of vartous fractions differing from 
each other In chemical composition [3] and physicochemical properties, and it can be prepared in different degrees 
of esterification and polymerization, 


Therefore, not Just any grade can meetthe requirements for a —_ purpose, Of all the many possible 
CMC compounds, only specific ones are suitable for application in one fleld of engineering or another, The 
selection of the most effective grade of CMC in each Individual case Is made on the basis of experimental] data, _ 
since up to the present a connection has not been established between the chemical composition of CMC samples 
and thelr physicochemical properties and the behavior of the same sample ina practical process. 


Moreover, CMC samples almost always contain a certain amount of difficulty soluble swollen fibers, the 
so-called gel phase. Gel content can have a substantial effect on the properties of staat iciiaeaanel so- 
ludons. 


According to the data of pitig and Banderet [4], two types of CMC with the same average degree of substl- 
tution and degree of one but with different gel contents have completely different rheological pro- 
perties. 


In connection with the above, the present work was devoted to the problem of studying the fractional come 
position of carbox ymethylcellulose, the physicochemical properties of the fractions, and the effect of the vasiows 
fractions on the behavior of CMC in practical use.- 


Four samples of CMC. were selected for invest gation; of ron the first was a grade used at the present 
tme for stabilization of clay suspensions for drilling muds (2, 5), the second used for stabilization of silicate- 
salt solutions when drilling wells through easily wetted and caving formations [2j and also as a cementing agent 
(6), the third, the German VHR grade, 1s also used in a number of counties for stabilization of drilling muds for 
ofl wells, and the fourth was a specially prepared low-viscosity CMC product. 


Fractionatia: of the samples was carried out as follows. To a 5-0% aqueous solution of the techrti cat” 
product at room temperature a precipitant — acetone or methanol — was added, slowly and with vigorous stirring, 
to the appearance of a stable suspension, The precipitated fraction was separated from the mother Iiquor by 
fractionation in a Buchner funnel or by centrifugation at aia rpm, and was then freed from sodium chloride 
and sodium hydroxide by extraction with methanol. 


Successive fractions were separated from the mother Ifquor in a similar manner, 


In addition to fractionation by ieee with alcohol, all samples, except the last, were separated ae 
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the gel and sol phases by ciniiiiaiines of 2-3.5% aqueous solutions of the technical CMC products, The resule 

_ ing gel and sol phases were treated with methanol or acctone and freed from alkall and sodium chloride. Some 
of them were subjected to fractionation by precipitation by the above method. The yields of the fractions were 
determined in per cents of the total weight of all fractions of the given sample. For these fractions, the degree _ 
of polyinerization was determined by the method of Wurz (7), and the degree of substitution was determined by 
fodometric determinavon of the copper in the copper salt of the carboxymethylcellulose. 


The viscosity of the resuldng CMC fractions was studied as well as thelr stabilizing effect on suspensions 
of the bentonltic clay askangel. 


Preliminary investigations established that the viscosity of aqueous CMC solutions of 0.1% and higher ccn- 
centrations do not follow Newton's law. Therefore, the present work was confined to investigations of dilute solu- 
tlons (0.05%) in which, as shown by our determinadions, there were practically no viscosity anomalles. The vis- 
cosity was determined with a Pinkevich* viscosimeter at 20 2 0.02°, 


The stabilizing effect of the CMC fractions was determined by filtradon — with a pressure drop of 1 
atm. S% clay suspensions were used, with 10% NaCl added as a — and 0.75% CMC maact, added asa 
stabilizer, 


The amount of filtrate passing in 30 minutes through a filter paper of 60 sq. cm. area was measured. 


TABLE 1 


° 
ield of |Viscosity|Deg. [Degree of|Water 
Fracti action, jof 0.05, of esterific loss, 
solution, ]poly-|eation {ml 
cenupoi-jmeri- 
3 ses zatio 
{ |Initial sample 2,4 354] 85,4 | 5,5 
1 Fraction 49,8 2,9 417 80,7 4,1 
Fraction 391] - 83,6 3,9 
Ill, Fraction 17,7 4,3 197 90.5 7,4 
Gel phase 5,0 3,6 -} £18 76,0 7,4 
Sol phase 95,0 2,4 375 84,1 3,9 
I Fraction 56,4 2,5 404 80,6 4,0 
Fraction 43,9 2.3 86,0 3,9 
2 [Initial sample 3,2 500 63,8 | 11,7 
Gel phase 19,30 7,1 635 | 58,9 | 26,0 
2 Sol phase 80,70 2,0 276 66,3 9,9 
{ Fraction 66,50 2,0 | 280] 64,9 | 10,4 ; 
Il “Fraction 33,50 1,8 253 68,1 8,7 
Gel phase 
Sol phase 75,4 4,2 S47 &,1 4,8 
il Fraction 70,45 3,6 $12 91,9 4,3 
4 | Water loss, ml &3 84.2 _— . 
Fraction 82,9 62] 76.2 | — 
Fraction 3,2 $5] 8.7 | — 
Fraction 4,5 A} 8,7 | — 
IV Fracdon 5,2 - “4! 102,5 — 


samples studied, 


Moreover, the study of CMC fractions separated by precipitation showed that they are not equal with res 
pect to thelr stabilizing power, The third fraction of Sample No. 1, ee by a low degree of polymere 


The results obtained are presented in Table 1. 


As seen from these data, the fractionation technique permitted us to develop the Inhomogenelty of CMC 
with respect to both Indices — both the degree of polymerization and the degree of esterification. In addition, 
& regular change in the composition of the fractions in the order of their separation was observed; fractions with 
& lower degree of polymerization werecharacterized by a higher degree of esterification, as shown In all of the 


zation, gave the highest water loss. 


® Translation of Russian Publisher’s note. 
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The present Investigation also showed that the gel separated from CMC has little stabilizing effect. This 
is perdculatly apparent In Samples Nos, 2 and 3, for which the water uss was 26 and 51 ml, while the sol phase 
of these same samples lowered the water loss to 10 and 5 ml, 


These data perintt die conclusion that In determining the stabliizing effecdveness of CMC preparations not 
only by the degrees of pwlymerizauion and esterification (2, 5), but also the gel content should be considered. 


The ratlo of gel and sol phases In the product fs significant not only whea CMC Is used as a stabilizer for 
clay suspensions, but also when it fs used for other practical purposes, particularly wuing use as a cementing 
agent. 


However, in this case the gel phase fs the most effective, as we have shown experimentally by an investigation — 
of the fractious of Sample No. 2. 


Our comparative study of the degree of homogeneity of CMC and the properties of {ts separate fractions 
permits planning of routes for developing the most effective grades of CMC for a specific application, 


1.M. Gubkin Moscow Petroleum Institute , Recelved July 1, 1958 


: LITERATURE CITED 
(1) K. F. Zhigach, M. Z. Finkel’shteln and E. M, Mogilevskil, Chem. Sci. and Ind, 2, 76 (1957). 
(2) M. Z. Finkel’shtein, K. F. Zhigach et al, I, M. Gubkin Moscow Petroleum Inst. 20, 67 (1957). 
{3} T. Timell, Svensk Papp. 56, 311 (1953). 
(4) G. Dirig and A. Banderet, Helv. Chim. Acta. 33, 1106 (1950). 


(5) K.F. 9 M. Z. Finkel ‘shtein and T. A. Tibllova, Bull. of the Universities, serles Petroleum and 
Gas, 6 (1958), 


{6} M. Z. Finkel ‘shtein, V. A. Pospelov and I. S. Wood Processing Ind. 8 (1956). 
(7) E. Wurz, Chem. Zs. 55, 215 954), 


A . 
/ 
: 
. 
- 
. 
~ ° 
« 


ROUTE OF THE FORMATION OF PROPYLENE AND ETHYLENE DURING ISOBUTYLENE ~~ 
CRACKING 3 


V.D. Molseev, Iu. 1. Liadova,. V. 1. Vedeneev, M. B. Netman and 
Corresponding Member AN SSSR V. V. Voevodskil 


It 1s known that during thermal decomposition of lsobutylene. up to 50% of the material 1s converted to 
quid (olefins, aromatic compounds) [1]. The first stage in the formation of liquid is apparently pol ymerizatioa 
of the original olefin to dimers and wimers, The latter can undergo various transformations themselves at the 
usual cracking temperatures (500-700°) with the formation, finally, of liquid cracking products. 


The carbon-hydrogen ratio of the products of the thermal cracking of {sobutylene is approximately unity 
[2}. white the ratio In lsobutylene Is two, Hence, it may be assumed that during the formation of liquids, hydro- 
gen and methane are given off into the gas phase; in principle, partial formation of heavier gaseous cracked 
products containing 2 and 3 carbon atoms per molecule I{s possible. The question of what gaseous products are 
formed from the Mquids or in the process of thelr formation and in what amounts the gases are formed has not 
been thoroughly studied. 

The aim of the present work was the clarification of the route by which sian — one of the main 
gaseous products of isobutylene cracking — Is formed. A priori it may be expected that If propylene Is formed 
caly from {sobutylene, the rate of its formation must vary with time in a manner opposite to that in which the 
tate of lsobutylene consumption varies; 1. e., 1t must decrease with time. If propylene 1s formed not from 
_ isobutylene, but from the liquid or from any of the low-stabllity intermediate products (but not from radicals), 
the rate of its formation must be zero at the beginning of the reaction and must then Increase In conformity 
with the law of succesive reactions. If propylene 1s formed — both routes, these pictures are hash tin iae This 
Is actually what occurred during our experiments. ; ; 


* We studied the rate of formation of propylene during sieseaini cracking by means of the Isotope kinetic 
method (3). In using this method, a small amount of labeled propylene was added to the lsobutylene, and the 
concentration and specific activity of propylene was determined during the reaction. The labeled propylene was 
ptepared by dehydration (at 370° over silica-alumina catalyst) of n-propyl alcohol labeled with carbor(C?4at the 
hydroxyl group*. Cracking of a mixture of this propylene (15 mm Hg) and {sobutylene (285 mm Hg) was carried © 
out in a static vacuum system at 542°, The course of the specific activity, a, and the concentration of propylene 
[C,H]. are shown in Figure 1, The rate of formation of propylene «4, calculated from the equation, 


w, 
is shown in Figure 2. 
Values of the derivative diga/dt and neaedioten (Cyt) were en oon the smoothed curves of Figure 1. 


It is seen that at the beginning of the reaction, the rate w, {s not zero and that It Increases over the course 
of 10-12 minutes, 1. e., up to approximately 20% lsobutylene conversion. A 


The Increase In w, Indicates that an appreciable amount of the propylene formed during {sobutylene crack= 
Ing 1s not formed from fsobutylene but from some of the intermediate products, evidently from the liquid. At the 


D. Fedorov took part in the synthests of the labeled propylene, 
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Imp./min BaCO, mmHg 


Fig. 1. Variation in concentration (1) and 
specific activity (2) of propylene with dme. 
The numbers below the abscissa Indicate 
per cent lsobutylene conversion, 


Imp./min» mg BaCO, 


Q 
65065 “amin 


Fig. 3. Variation Is spe- 
cifle activity of propylene 
(1) and of ethylene (2) 
with time. 


to Uist of the ethylene formed from it. 


per carbon atom, as the Initial propylene®, 
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activity of propylene, the activity of ethylene was determined, The results of these experiments are shown In 
Figure 3. In order to interpret these results, it Is rene i to know the ratio of the spectilc waded of the Propylene 


Special experiments on the cracking of the labeled propylene used in our work (T = 600°, py = 300 mm Hg) 
showed that in the Interval of from 14 to 4% conversion, the resulting ethylene had the same activity, calculated 


As seen from Figure 3, the activity of the ethylene in the experiments on Lsobutylene cracking was consider- 
ably lower than the activity of the propylene over the entire interval of Isobutylene conversion. 


This means that only part of the ethylene was formed from propylene. There are two possible routes of 
formation — directly from lsobutylene o¢ from the liquid. 


“On the basis of our experimental data, It ls impossible to decide which of these routes predominates, That 
propylene can be formed from the liquid indicates that the formation of ethylene from the liquid fs pcssible. 


‘oThis interesting result can evidently be explained only by assuming oie during the catalytic dehydration of the 
n-propyl alcohol, the C* tag In the resulting propylene was unlformly distributed along the carbon chain, There 
is no basis for thinking that In the original alcohol the tag was sais uniformly distributed along the chain; 
however, we made no special effect to verify this, hg ots 


Fig. 2. Variation In rate of for- 


mation of propylene, w,, with 
time, 


time t = 0, there are no Intermediate products, and the 
over-ellrate of formation of propylene at this moment, 
wf, ts equal to the rate of meme of propylene from 
fsobutylene. The difference w,— wf 1s a measure of the 
rate of formation of propylene from intermediate. pro- 
ducts. 


It must be remembered that the rate of lsobutylene 
consumption {fs approximately constant up to 20-30% 
conversion [4]. 


As seen from Figure 2, in the region of 10-14 
minutes the rate of propylene formation passes through 
a maximum and begins to decrease. Since the maximum 
les In the region of high per cent conversion where the 
reaction Js complicated by a number of side reactions, 
we consider that it ls premature to form any quantitative: 
conclusions from this fact. . 


In several experiments, in addition to the specifle 
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THE PLUMBINATION REACTION 


E. M. Panov and Corresponding Member AN SSSR K. A. Kocheshkovw . 


In spite of the fact that the direct Introduction of metal atoms Into an organic molecule by the action of 
metal salts has long been known (mercuration [1)) and that other reactions of this type have recently been dis- 
covered (“auration” (2) and “thallfation® (3]), a direct “plumbination” reaction fs presently not known. 


As shown by Dimroth for metcuration and by one of-us together with V. P. Glushkova (4), metal salts of 
organic acids can be successfully used for reactions of this type. On the other hand, It {s known that thiophene 
undergoes mercuration particularly readily. All of this impelled us to carry out an Investigation of plumbination 
based on teactlons between tetravalent lead salts of organic acids and thiophene. 


During our development of new methods of synthesls of organolead compounds [5}.including those of the 
new class ArPbX,°, {t was found particularly convenient to use lead tetralsobutyrate, which crystallizes well, fs 
quite stable, and {ssoluble in organic solvents Including thiophene. 


Plumbination was observed by us in the following circumstances: when lead tetralsobutyrate was dissolved 
in excess thiophene, it was noted that, after the mixture had stood for several days at room temperature, a sample 
of the mixture did not give a typical reaction for the presence of a tetravalent lead salt on hydrolysis (formation 
of a light-yellow precipitate). Thus, the lead tetrafsobutyrate had gradually disappeared. 


Under the conditions described In the experimental part, we were able to fsolate and Identify hint 
lead dilsobutyrate In the form of a white, crystalline material, the formation of which can presumably be describ- 


ed by the following successive reactions®*, The unstable thlienyllead is formed first by direct 
plumbination 


which thea 


Analysis, determination of the number of acid groups, and conversion to di-a-thfenyllead di (monochtoro= 
acetate) according to - 


(0) pr [oocentcs bh], + PHOOC-CH,CD, + ACH.CHCOOH on 
confirmed the formula of the compound, 
“eCriegee andco-workers(6), {n describing the preparation of compounds of the class ArPbX, through the diary] lead 


compounds, falled to note that this method had been discovered and published by us almost a year earller [7]. 


e *Another possible mechanism of the formation of (CHS), Pb ae can be based on the metallating 
action of C}1,SPb[OOCCH(CH;),}, on thiophene, 
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In order to determine the place at which the lead entered the thiophene molecule, a known sample of di- 
@-thienyilead dilsobutyrate was prepared from teua-a-thienyllead [8) according to the reactions ” 


this sample was Iuentical with the substance prepared by direct plumbination. Introduction In the “alpha” position, 
which is characterlsulc of thiophene In the case of other metal salts, ls thus confirmed in the case of lead. -° 


Thus, the direct Introduction of metals lying in one row In the perfodic table, Au, Hg, Tl and Pb, can now 
be considered completed by the plumbination reaction described here for the first ime. 


There 1s no doubt that this process Is very slow as compared to the rapid mercuration and thalllation ennetbintis 


EXPERIMENTAL 


Plumbination of thiophene. 6 g of lead tetrafsobutyrate (8) (previously washed with petroleum ether) was 
dissolved (dissolved rapidly and smoothly) {n 10 ml of thiophene (large excess based on Equation I) and allowed 
to stand at room temperature. After several days, the mixture gave only a slight test for the original tetralsobu- 
tytate (ight-yellow precipitate on dilution with water), After standing for 10days, the mixture was diluted with 
4 ml of absolute alcohol to decompose the unreacted lead tetralsobutyrate, and the mixture was then allowed to 


stand for two days. 


The thiophene and alcohol were evaporated almost to evita atroom temperature, The semisolid pre- 
cip{tate was treated with 5 ml of benzene, the lead dilsobutyrate was fihered. and the precipitate was diluted 


with 7.5 ml of hexane. 
A white eet celine formed, m. p. 192° (with decomposition; darkening ~—e at 186°), 
Found %: Pb 37.70; 38.35 
Pb [OOCCH(CH ),}.Calculated %: Pb 37.85. 


The number of acid groups was 2.1. When added to concentrated sulfuric acid, the material decomposed 
with the formation of thiophene (addition of thiophene, then the usual test with {satin). 


Di-a-thienyllead diisobutyrate is readily soluble in alcohol and acetone, moderately soluble In benzene in 
the cold and readily on heating, and sparingly in hexane. 
The substance was identical with the dilsobutyrate prepared from tetra-a-thienyllead (see oom 


Di-a-thienyllead di (monochloroacetate). 0.55 g of di-a-thlenyllead dilsobutyrate, prepared In the pre- 
ceding experiment, was dissolved at room temperature in 7 ml of benzene acidified with 7 drops of isobutyric 
acid, The solution was filtered from the suspension, and to the flitrate was added 0.4 y (double the theoretical . 
(Equation 11) amount) of a saturated solution of monochloroacetic acid in benzene. On the next day, the sesult- 
ing white, finely crystalline precipitate was filtered and washed with benzene. The yield was 0.38 g (68%). The 
substance had an m. p. of 174° (with Seep: gradual darkening — at _— An a test for 


thiophene was positive. 


Found %: Pb 37.40; 37.43; C112. 60; "13.00 
(CgH,S),Pb (OOCCH,C1),. Calculated %: Pb 37.00; 112.66, 


Di-a-thlienyllead di (monochloroacetate) dissolves with difficulty in benzene, chloroform, dichloroethane, 
acetone, and alcohol even on heating, and Js Insoluble in petroleum ether, hexane, and ether, 


Di-a-thienyllead dilsobutyrate from tetra-a-thicnylead. 0.82 g of tetra-a-thienyilead, from 
a@-thicnylinaynesiun bromide and lead tetrachloride (9), was heated with 1,5 ml of Lsobutytic acid to 60-70° on 
a water hath, After approximately half an hour, tie precipitate dissolved. Heating was continued for another 15 
nilnutes at this saine temperature, A white, crystalline precipitate formed while the solution was still hot. The 
teaction mixuize was diluted with 1.5 ml of petroleum cther to separate the product more completely, suction 
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filtered, and washed with petroleum ether. 0.55 g (67%) ail a substance with an m. p. of 192° — decompontton 
was 


Found %: Pb 38.05; 37.71. 


The number of acid groups was 1.9. An Indophenine test for thlophene was positive, 


The known di-a-thienyllead dilsohutyrate prepared In this manner was identical jn the above-described 
dilsobutyrate prepared by the plumbination reaction, ; 


The dilsobutyrate was converted to di-a-thlenyllead di (monochloroacetate) the latter was identical in 
properdes with that a above, 


L. Ia. Katpov Physicochemical Insdtute  Recelved July 21, 1958 
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THE DIPOLE MOMENTS AND REACTIVITY OF VINYLACETYLENIC HYDROCARBONS 


A. A. Petrov, K. S. Mingaleva and B.S. Kupin 
@resented by Academician B. A. Arbuzov, July 4, — 


An Investigation of addition reactions of 1,3-enyne hydrocarbons led to the conclusion that In molecules» 
of vinytacetylene and n-alkenylacetylenes (11), the electron cloud {s shifted In the direction of the tiple bond 
{1}. In the case of vinylalkylacetylenes (Il) and certain fsoalkenylacetylenes (IV), the molecules must be con- 
sidered to have a dual polarization which Is reinforced in one direction or another,depending on the nature of the 
substituents; In the reaction with hydrogen halides, the order of addition indicated a shift of electrons In the 
direction of the tiple bond [2], while In reactions with bromine, water, and alcohols, the shift was In the direce 
tion of the double bond [3, 4). 


Such duality in the reactivity of vinylalkylacetylenes could be due to a weakening of the polarity of the 
enyne system owing to a partial shift of electrons, under the Influence of the radicals, in a direction passin. to 
the usval shift In the 1,3-enyne ( All), dV) 


Some. of the physical properties of the vinylalkylacetylenes aJso Indicate such polarization. 


By means of electron diffraction, {t has been established that not only theiC — C:distance, but also the 
CH, — Cidistance in the vinyimethylacetylene molecule {s considerably shortened [5}. a 


The intensity of the bands {n the Infrared spectra corresponding to double bonds was considerably higher in 
the case of hydrocarbons of types (III) and (IV) than {n the case of hydrocarbons of type (Il). It is possible to exe. 
plain this by the great change In the polarity of the suite bond during witeotons as a result of a shift of electrons 
toward it [6}. 


A final Judgment as to the nature of the polarization In molecules of vinylacetylenic ations can be 
formed only by determining their dipole moments. 


There are data In the Iterature on the dipole moments of vinylacetylene, two of Its ie derivatives rm 
and also divinylacetylene and some other dienyne hydrocarbons (8). 


From the data on the dipole moments of the phenylvinylacetyienes, it follows that a transfer of the phenyt 
group from the 1- to the 4-position of the 1,3-enyne system sharply changes the value of the dipole moment; 1- 
phenyi-1-buten-3-yne has a higher and 1-phenyl-3-buten-1-yne has a lower dipole moment than vinylacetylene. 
Consequently, the phenyl group causes a shift of the elctron cloud In the same direction, in the first case, and ia 
the opposite direction, in the second case, as in unsubstituted vinylacetylene. ; 


Divinylacetylene Is nonpolar. Vinyllsopropenylacetylene has a somewhat lower dipole moment } than 
vinylacetyiene. Substitution at the end of the chain Increases the moment, 


We have measured the dipole moments of seven vinylalkylacetylenes containing the alkyl! radicals CH, ~, 
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Substance Bolling point 


C--Cit, -CH, X3.5—84°/700 
| G2—62,5°'60 wu 
CH, 76—76,57 720 we 
CH,—CH- 44—44 57/760) saw 
Cil,— CH (uans)) wu 7 

R—32,5°7760 uu 1,415! 


g 3 


tit, 
97,5—98°/700 1,400 


TABLE 2 


Substance 


CH—C=C— 
CH 
CH,-Cli-C— C-(Clt,),—CH, 
(cis) 
(trans) 


= 


o 


= 
8 


CyHg~. C CsHy CoHyy —, and and also of cis- and trans-propenylacetylenes, fsopropenyl- 
acetylene, and B-tert-butylvinylacetylene. The moment of phenylacetylene was also measured for comparison 
with the data of other authors. The following results were obtained: 


1. The dipole moments of vinyimethy1- and {sopropenylacetylene were considerably lower than the mo- 
ment of vinylacetylene (0.77 D). Thus, the existence of a shift of electrons in a direction opposite to the shift 
in unsubstituted vinylacetylene has been proved experimentally. 


2. With an Increase In the size of the hydrocarbon radical, the dipole moment first increases somewhat 
and then remains approximately constant with a further increase in the size of the radical. 


3. The dipole moments of cls- and trans-propenylacetylene are considerably higher than the moment of 
vinylacetylene, and the moment of the trans-fccm {s higher than the moment of the cis-form ja conformity with 
the three-dimensional models of these hydrocarbons, 


Thes, {x has been shown that In these compounds, diere Is a shife of electrons in the same ceeton as ad 
unsubstituted vinylacetylene. 


4. pTert-butylvinylacetylene has a higher moment than toepnnienianniiians: However, this moment is 
close to the moment of vinylbutylacetylene, and, therefore, these data cannot serve as direct proof of the estes. 
of the Baker-Nathan effect In the lsopropenylacetylene molecule, 


Since the changes In the values of the dipole moment-in all of the cases exalted are due to the influence 


MR 
Expt. 

41 2,2835 | 1,1370 


of alkyl yroups with a moment of the order of 0.35 D, and since the moment of vinylacetylene 1s twice dis value, 
the _—— follows what 1n all of these cases, the moment Is directed toward the triple bond, 


Thus, the results of the measurements of the dipole moments of vinylacetylenic hydrocarbons confirmed the 
previously agg concept, based on chemical data, of the mechanism of addition reactions at conjugated double 
and triple bonds, 


EXPERIMENTAL 


The vinylacetylenlc hydrocarbons were prepared and purified by the usual methods (6}. The fsozlkenyl- 
acetylenes were purified by disullation over phenylhydrazine and then were fractionated after being washed with 
sulfuric acid, The cis- and trans-forms of were separated by fractionation In a column 


(9}. 


The constaats of the hydrocarbon samples used for the determinations are presented in Table 1. 


The dipole moments were determhed by the Debye method using dilute solutions (10). The dielectric 
constants were determined by the beat method using a TKE~-1 apparatus specially adapted for this purpose. After 
calibration of the IMquid condenses, the error in the determinauon of € did not exceed 0.02%. 


The measurements were carried out at 20° In benzene solutions with concentrations of the order of 1.0, 1.5, 
2.0, 4.0, and 5.0%. The molecular polarization and the dipole moments were calculated by the usual formulas 
{10}. The atomic polarization was not taken Into account, The results of the measurements and calculations are 
presented in Table 2. The dipole moment found for phenylacetylene (0.72 D) {s in good agreement with the 
Uterature value {7}. 


Recelved July 2, 1958 


Lensoviet Leningrad Technological Institute 
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PREPARATION AND PROPERTIES OF PHENAZINE SALTS (CONTRIBUTION TO THE 
QUESTION OF A CONNECTION BETWEEN CHEMICAL STRUCTURE AND THE 
| ABILITY TO FORM FREE RADICALS AT THE NITROGEN) 


Z. Pushkareva and L. B. Radina 
(resented by Academician N.1. Nazarov, November 20, 1956) 


Free radicals In which the atom bearing the single electron 1s nitrogen Include those of the diaryinitrogens 

(ij and the N-cxldes of diaryinitrogens [2] and the hydrazyl (3) and certain other radicals [4]. Free radicals in 
the alloxazine [5] and phenazine [6] serles belong to this same series of compounds. Free radicals of the latter 
group have not been well studied, but, {n this connection, it 1s of great Interest that a detailed study of thelr pro- 
perties could lead to an explanation of the nature of certain blological oxidation-reduction processes. The pre- 
paration of a small number of derivatives of alloxazine and phenazine possessing properties of free radicals has 
been described in the literature. These are the so-called phenazyls, having the general formula (1) [6], and 
monoacetylphenazy! (11) [7] and the related radicals of flavone (111) (5). pyocyanine (8), and certain others. 


We first turned our attention to the preparation of analogs of (11) containing acyl radicals differing in 
chemical nature In order to clarify the effect of the nature of the acyl group on the stability of radicals of this 
type. Since monoacetylphenazyl (11) was prepared by oxidation of monoacetyldihydrophenazine, for the prepara- 
tion of its analogs a serles of monoacyldihydrophenazines (V) — (XI) with different acyl groups was synthesized. 
Compounds (V) and (V1) have been described in the Irterature (9, 10], but compounds (VII) — (XI) were prepared 
by us for the first ime. A brief ee of thelr properties Is presented In Table 1. 
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TABLE 1 
. Maximum Minimum 
Exp.No] Compound obtained Belef of tee 
2, 5 € 7 8 
1 =jMonoacetyldihydrophena- | Fine, white crystals from 
zine (V) alcohol, m.p.254-255° 283 4,086 | 248 | 3,863 
2 jMonobenzoyidihydrophen- | Slightly yellowish needles 
azine (V1) | from alcohol, m. p.224- 
226° Found %: N9,65; 9,82] 3,34 | 281 3,940 | 258 | 3,869 
Calculated %: N 9,79 
3 |Mono-p-nitrobenzoyl- Orange plates from aicohol, 
dih yrophenazine (VII) ‘m,p. 211-213° 
Found %; N 12,90; 12,78 4,90 |284 4,230 | 254 | 4,111 
Calculated %; N 12,69 
-4  |Mono-p-dimethylamino- White crystals from alcohol 
benzoyldih ydrophenazine m.p. 230-231° 
(VILL) Found %: N 12,52; 12,89 305 | 4,488] 254 | 3,672 
Calculated %: N 12,75 
& |Mono-p-lsonicotinyidi- Pale yellow needles from  ~ 
hydrophenazine (1X) alcohol, m.p. 271-272° 
. Found%: N14,74 14,59 6,18 |272 4,119 | 248 | 3,929 
Calculated %: N 14,63 
6 |[Mono-p-cinnamoyidi- Bright yellow crystals from 
hydrophenazine (X) alcohol, m.p. 223-224° 
Found %: N 8,77; 8,90 2,88 | 283 4,505 | 251 | 4,066 
Calculated %: N 8,97 
7 ono-a-chloroacetyldl- White, finely crystalline 
hydrophenazine (XI) precipitate from alcohol, 
4 Found%: N 11,09; 10,98 278 3,823 | 254 | 3,672 
Calculated %: N 10,80 
8 phenylamine 284 4,440 | 248 | 3,580 
9 Product of the oxidation Greenish orange crystals, 
of monoacet yidihydro- m.p. 195-197" 
"| phenazine with anhyd- Found %: N 9,70; 9,28; ~ - ~ - - 
rous ferric chloride (X11) Cl 29,79; 28,98 
Calculated %: N 9,45; 
Cl 29,71 
10 |*Orange® product (XIII) Golden orange crystals 
from alcohol, 
m.p. 191-193° 
Found %: N 10,32; 10,48 
Ci 20,78; 20,76 248 4,860 | 287 3,498 
Fe 10,66; 16,38 362 4,530 
11 Phenazine hydrochloride Calculated %; N 10,71 
Iv) Cl 20,38; 
fe 10,71 
Greenish yellow crystals 
from alcohol, 
m.p. 195-197" : 
° Found %; N 12,31; 12,52 248 4,780 | 280 | 1,000 
Calculated %; N 12,83 360 4,180 


j : 7% 
Bj 


Measurement of the dipole moments of the indi- 
vidual substances (in benzene at 25°, see Table 1) and 
calculation of the dipole moments for various configura- 
tions of these compounds by vector summation showed 
that In all of these cases the experimental dipole mo- 
ment {s close to the value calculated for a nonplanar 
configuration of the dihydrophenazine part of the 
molecule, Moreover, in these compounds the acyl 
group fs, as a rule, trans with respect to the phenolic 
ring in the dihydrophenazine part of the molecule and 
is cls with respect to the hydrogen of the NH group as 


product with a m. p. of 191-193°, 


(Figure 2). 


i 
Fig. 2. Absorption spectra of: 


1) phenazine, 2) monoacetyldihydrophenazine, 
3) phenazinium chloride, 4) “orange” product 


with an m. p. of 191-193° 


is shown in Figure 1, which is a photograph of a ball model of a molecule of monobenzoyldihydrophenazine. 
From this, it can be assumed that the acyl group, which with such conftguration Is fsolated from conjugation with 
the benzene rings, cannot exert any substantial influence on the properties of the NH bond in monoacyldihydro- 
phenazines, The results obtained in determining the absorption spectra of the Se in the 
u. v. region (Table 1) are experimental confirmation of this assumption. i 


As seen from the data of Table 1, the spectra of the monoacyldihydrophenazines are very similar to -_ 
other and to the spectrum of diphenylamine, in which there is no acyl group. . oe 


Oxidation In the monoacyidihydrophenazine series has been previously studied on only one example, the 
oxidation of monoacetyidihydrophenazine with anhydrous ferric chloride in chloroform solution [7]. Two products 
were obtained from this reaction: violet-black crystals with a m. p. of 137°, for which was proposed the struc= 
ture of a molecular compound of monoacetyldihydrophenazine (V) with a molecule of monoacetylphenazine (11), 
and an “orange® substance with a m. p. of 191-193°, which was considered to be a dimer of monoacetylphenazine | 
Ql). Carrying out the oxidation of three different monoacyldihydrophenazines, (V), (V1), and (VII), under analogous 
conditions with an excess of ferric chloride unexpectedly led to the formation of the same oxidation product with 
an p. of 195-197", which was converted, in turn, toa substance the previously known “orange” 


A detailed study of the chemical structure and properties of the moncacetyidthydrophenasine oxidation 
product melting at 191-193° showed that the substance does not contain acetyl groups and, consequently, is the 
“ product of the oxidative deacylation of monoacetyldihydrophenazine; it is a complex involving trivalent froa; 
it has a chlorine rr of 20.78% and a nitrogen content of 10.48%. Moceover, the compound Is strongly paramage 
netic (Kg = 24- 10 m. u.). The ultraviolet spectrum of the “orange” substance {s similar to the spectrum of : 
phenazine and completely unlike the spectrum of ama as — be seen from the graph 


In addition, it was observed that the substance obtained during eundeisin of scananeifitagnianintinin 
- Anitlally possessed properties of a free radical, forming dark-green solutions when heated in isoamyl alcohol, for 
- example, but during purification by repeated recrystallization from isoamyl alcohol the compound completely 


i 


host this property, and the “orange * substance with a m. p, of 191-193° was completely Incapable of dissoclaung 
with the production of a green color, The “orange” substance, as well as the Initially obtained product with the 
properties of a free radical, was very easily hydrolyzed by water, being converted to phenazine. 
On the basis of diese data, formula (XII) 1s proposed for the monoacetyldihydrophenazine oxidation product 
which possesses the properties of a free radical; this formula Includes two molecules of phenazinium chloride of 
Weitz aniine-salt type) coordinated with a molecule of FeCl,. The “orange” product with a m. p. of 191-193° 
is evidently a product of a series of transformations of the phenazinium cation, and It contains two molecules of 
phenazine hound in a complex with a inolecule of FeCl, (XIU). 


The structure of the latter was confirmed by synthes!s from phenazine and ferric chloride, 


An attempt was also made to confirm experimen- 
om tally the formation of the phenazinium cation by pre=- 
paring It In the free state rather than In the form of a 


complex. Actually, lt was found that phenazine, on 


reaction In an anhydrous medium with hydrogen chlor- 
Ide, forms a greenish-yellow, crystalline substance with 
on (xm) a m.p. of 195-197 and which was soluble In lsoamyl 
alcohol with the formation of a dark-green color. The 
teaction apparently — according to the scheme; 


The structure of the substance with a m. p. of 195-197° (XIV) was poe by analysis and " determinas 
tion of the magnetic suscepubility. Substance (XIV) was paramagnetic (Kg = 6,5 10-* m. u.), which corresponds _ 
to the presence of one unpaired electron In the molecule, It was anne to phenazine by repeated heating of 
the solutions and also by the action of water (Just as (XII) was converted to the “orange” substance (XIII) The 


absorption specrum of this compound (Figure 2, Spectrum 3) was identical to the spectrum of phenazine, which 
also confirnis the structure assigned to {t as that represented by formula (XIV). 
On the basis of the analytical results and of a study of the chemical properties of the intermediate "black® 


monoacetyldihydrophenazine oxidation product, m. p. 137°, it was shown that thls compound {s a complex of one | 
molecule of FeCl, and a molecular compound of phenazinium chloride (XIV) with a molecule of monoacetyl~ 


Gihydrophenazine (V> . 


As a result of our work, {t has been shown that phenazine can form free radicals which are not analogs of 
the diaryinitrogen free radicals (as has been assumed up to the present In all cases (I-IV), but which are related 
to the amine salt type (phenazinium salts), Phenazinium chloride ls paramagnetic In crystals, gives deeply 
colored solutions in anhydrous, but polar, organic solvents, displays a tendency toward the — of complexes, - 


8. M. Kirov Ural Polytechnic Institute | . Received October 25, 1956 
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- SYNTHESIS OF RUTIN 


Samokhvalov, M. K. Shakhova and Ne A. Preobrazhenskit 
(Presented by Academician A.N. Nesmelanov, June 30, 


; Rudin, quercitin-3-rutinoside (VIN), the active principle of vitamin P,hesperidin, erlodictin, and certain other 
catechins are very valuable, since they have the ability (especially In combination with ascorbic acid) to decrease 
the permeablilty and britdeness of the capillaries, 


The presence of five hydroxyl groups in the quercitin molecule makes {t very difficult to prepare its 3- 
Blycosides(V). Moreover, the reactivity of the hydroxyl group inthe +70tom of quercitin fs lowered by hydrogen 
bonding with the oxygen of the pyran carbonyl group [1, 2}. 


The formation of a glycoside bond at the 3-posidion by the Koenlgs — Knorr wry by the action of 
acetobcomoglucose In quinoline In the presence of active silver oxide, 1s successful only for the simplest flavonoles 
and Is accompanied by replacement of the free phenolic groups [3, 4). 


In 1952, Ice and Wender (5) successfully carried out the preparation of Isoquercitrin , 3-glucos{doquercitin 
[3, 3°, 4°, 5,7-pentahydrox yflavone-3-glucoside}, by the action of a-acetobromoglucose on the 3-potassinm salt 
of quercitin In solution in Nquid ammonia. The synthesis of rutin itself or of other 3-disaccharides {s unknown, 


In the present paper, we describe the preparation of rutin from quercitin and a-acetobromorutinose accord 


Ing to; 


Lquid ammonia 


The initial quercitin was prepared by the method of Allan and Robinson [6] with the exception that protec- 
“thon of the hydroxyl group in the vanilllc acid was accomplished by ee" tiethylamine was used as the 


condensing agent {7}. 
+ 


: 
4 
| 
fi 
a3 
A 
. 


Fig. 1. U. v. absorption spectra of rudn 
(in 96% alcohol): 1) synthetic, 2) natur- 
al. 


was evaporated under reduced pressure. 


' ' 
a) debenzylation b) demethylation 
The disaccharide of -1-L-phamnosido-6-D-glucose, was by 
the method of Zemplen (8] from acetorhamnose and acetochloroglucose. ; ‘ 


Tests by paper chromatography and a comparfson 
of the u. v. absorption spectra (Figure 1) showed that 
the synthetic and natural rutins were identical. 


In addition, the action of Ilquid ammonia on 
quercidn was accompanted by partial decomposition 
of the latter, znd in this connection, paper chromato- 
graphy of the synthetic rutin disclosed the presence of 
an impurity with a u. v. absorption maximum charac- 
teristic of the decomposition products of quercitin. 


Our preparation of rutin constitutes the completion 
of its total synthesis, 


‘EXPERIMENTAL 


A. yflavone (IV). 
2.5 g (0.0126 mole) of w-methox yphloroacetophenone 
(1) and 31.5 g (0.063 mole) of the anhydride of o-benzyl- 
vanillic acid (II) were powdered, mixed with 7.65 g of. 


tiethylamine, and heated for 4 hours at 150-160°. The cooled melt was dissolved in 200 ml of alcohol and 35 ml 
of water containing 25 g of potassium hydroxide, the resulting solution was refluxed 30 minutes, and the alcohol 
Ths residue was dissolved in 200 ml of water and saturated with carbon 
dioxide, A yellow-green precipitate (3.41 g) of 5,7-dihydroxy-4’-benzylox y-3,3"-dimethoxyflavone (III) was 
formed, The entire precipitate was heated for an hour on a boiling water bath with 135 ml of glacial acetic acid 
and 63 ml of concentrated hydrochloric acid. The solution was decanted Into water and allowed to stand overnight. 
5,7,4'-Trih ydroxy-3,3°=dimethox yflavone (IV) separated in the form of fine crystals. After three-fold recrystalli- 
zation from alcohol, the yield was 1.32 g (31.6% based on the w-methoxyphloroacetophenone), 


Found %: 
Oy. Calculated %: C 61.82; H 4.27 
B. 3,5,7.3°,4°-pentahydrox yflavone (quercitin) (V). 420 mg of thox yflavone 


M, pe 258-259". 


C 61.72; H 4.56 


(iV) and 18 mi of freshly distilled hydriodic acid (b. p. 125-126°) were heated on an oll bath for 2 hours to 150-155", 

- The fine, bright yellow crystals were filtered and recrystallized from 70% alcohol. The yield was 300 mg (78.1%). 

M. p. 311-312°. A mixed sample with natural quercitin showed no melding polnt depression, Ap3y 375 and 255 mp 
E¥En 719 and 671, respectively. Ry 0,38, in 60% acetic acid, ge 

Found %: C 59.48; H 3.56 

Calculated %: C 59.61; H 3.34 


J C. Quercitin-3-ruuinoside (rutin) (VII). a. The potassium salt of quercitin (V1). 0.7 g (0.00232 mole) of 


alcohol. The yleld was 0.74 g. 


quercitdn (V) was dissolved in 50 ml of alcohol, and 14 ml of alcohol containing 0.84 g (0.00857 mole) of potase 
slum acetate was added. During the precipitation, the pH of the solution was maintained at about 8 by the addie © 
tion of alcoholic potassium hydroxide, The precipitated potassium salt of quercluid was filtered and washed with 


b. Quercitin-3-rutinoside (VII). To 75 ml of distitted Uquid ovens were added 0.3 8 (0.00088 mole) of 
the K salt of quercitin (VI) and 0.85 g (0.00132 molc) of a-acetobromorutinose (a-acetobromo-8 -1-L-phamnosido- 
6-D-glucose). The ammonia was evaporated, 75 ml of dry methyl alcohol was added to the residue, and the mize 
ture was allowed to stand for 24 hours, The mineral precipitate was filtcred, the methyl alcohol was distilled from 
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Fig. 2. Paper chromatograms of synthetic 
and natural rutin and of thele mixture In 
19% acetic acld; 1) synthetic 
0,60), 2) mixture of synthetic and natural 
rutin Ry 0,59), 3) natural ‘rutin Ry 0,60) 


All-Union Vitamin Sclentfle Research Institute 
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the filtrate under reduced pressure, and 0.83 g of raw 
synthetic rutin was obtained, For purification, a GO- 
mg sample of the substance was dissolved In 20 ml of 
ethyl alcohol and subjected to paper chromatography 
(120-density filter paper produced by the Volodarsk 
factory). Distribution was by 227, Isopropyl alcohol, 
and the spot was determined with a fluoroscopesKf 0,53. 
The substance was eluted with ethyl alcohol. 


For comparison of the natural and synthetle cutins, 
spots of alcoholic solutions of the rutins were placed on 
the paper as follows; 1) synthetic, 2) a mixture of syn- 
thetic and natural, and 3) natural. Disuihution was by 
1%, acetic acid, and the developer was a 1% alcoholic 
solution of aluminum chloride. The fuoroscope showed 
spots of an Intense yellow, the R¢ of which was 0.60 for 
the natural and synthetic and 0.59 for 
mixture. 

For the synthetic rutin and fts mixture with the 


natural product, two other spots were observed on the 
chromatogram by means of the fluoroscope: a green. 


spot fluorescing with Ry of 0.145 (Figure 2, 1a and 2a) and a yellow spot with Ry of 0.77 (1b and 2b). 


The spot with an R¢ of 0.145 contained the orlginal sugar, and the spot with an R¢ of 0.77 contained a sub- 
stance having i an intense u. v. absorption wit a maximum In the region of 290-295 ~ 
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COMPLEX COMPOUNDS OF TRIVALENT COBALT WHICH CONTAIN THIOUREA 


A. V. Ablov and N. M. Samus’ 
(Presented by Academician I, 1, Chemfaev, June 26, 1958) - 


Thiourea (thio) gives products by combination with salts of polyvalent metals {1-3}. 


In the chemlstry of divalent platinum, the well-known reaction of N. S. Kurnakov which uses this reagent 


permits a clear-cut solution of the question of whether a compound with the (PtA,X;) has acts or 
tans structure 


Only a few comparatively unstable compounds of thiourea with salts of divalent cobalt are known [5]. Com- 


pounds of trivalent cobalt which contain this addend in the Inner coordination sphere have not been geovieusly 
described. 


In continuation a the study of complex compounds of trivalent cobalt with dimethylglyoxtme, we have 
succeeded in introducing thiourea into the inner coordination sphere. A study of the reactions of this et 
shows that thiourea has an increased trans effect in glyoximes of trivatent cobalt. 


In the reaction of chloro-bis- -dimethylglyoxime aquocobalt with water or alcohol solutions of thioures in the 
ratio 1; 1, even at room temperature there is formed a good yield of yellow-brown, finely crystalline substance 
which is chloro-bis-dimethylglyoxime thiocarbamide cobalt. The reaction occurs by the following equation: 


[CoH,O(DH),C1}+ CS(NH,), = [CoCS(NH,),= (DH),C1]+ H,0. 


This substance can be obtained in the usual way, described by L. A. Chugaev [6}, namely: by afr oxidation 


of an alcoholic solution of cobalt chloride (1 mole), Smatiyigiyeniion (2 moles) and thiourea (1 anne. The 
teaction can be summarized by the equations 


4CoCl, + 4thio+ 8DH, + 4{Cof thio) + 2H,0. (2) 


When it {s gently heated with a water or alcohol solution of thiourea, chloro-bis-dimethylglyoxime thlocarbamide 
cobalt dissolves and then from the solution crystals of bis-dimethylglyoxime dithlocarbamide cobalt chloride 
precipitate (Co(thio)4 DH),}Cl-5H,0. 


The latter compound can be obtained by oxidation in air it of an alcoholic solution of cobalt chloride (1 mole), 
dimethylglyoxime (2 moles), and thiourea (more than 2 moles). In this way we obtained other salts with the 
composition [Co(thio){DH),]X where X = BrNQ. When these salts are placed in water they easily lose’ one | 
molecule of thiourea and change into the difficultly soluble compounds with the composition [Co(thio) DH),X}. 

This reaction {s reversible and the compounds which precipitate can easily be redissolved in water by adding 

thiourea. By the use of these properties, double decompositions can be carried out with salts of the complex 

cation [Co(thio)4H),)*. Also, when salts of the alkalf metals MeX are added to solutions which contain the - 
cation [Co(thio)(DH),J*, the nonelectrolytes with the composition (Co(thiox DH), x} precipitate in the state, 


We will consider the different bonds for the two molecules of thiourea in the complex (Co(thio)(DH),} *. 
One thiourea molecule {s split and recombined very easily; it is very mobile, Cemaiuly this reaction ~ through | 
formation of an aquo cation * by the equation 


+ H,Oge[Co(H,0) (thio) (DH),)* + thio, 
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The second molecule of thiourea is not removed In a neutral medium by the action of a large excess of 
the salt MeX (where X = Cl, Br, NO; I, CNS) of by ralsing the temperature, . 

As one of us has shown, on the basis of the trans effect mle of I. 1. Cherniaev [/), in dioximes of trivalent 
cobalt, twe dimethylglyoxime residues lie in one plane (8). Hence, in the complex cation [Co thio){DIN,)} * two 
molecules of thiourca cre in the trans position'to each ocher, This fact has a natural explanation if we assume ° 
that thiourea in dioxime cobalts has a highes trans effect in reactions which proceed In a neutral medium than do . 


the acid residues Cl, Br, NO. I, and CNS. 


EXPERIMENTAL PART 


1. Chloro-bis-dimethylglyoxime thiocarbamide cobalt (Co(thioXDH),Cl}®. 1. To 3.4 g of chloro-bis- 
dimethylglyoxime aquocobalt (CoH ,O(DH),Cl) (9) and 0.76 g of thiourea was added ~ 109 ml of water. When the 
mixture was stirred, even at room temperature, but beiter with gentle heat, the brownish green aquo compound 
changed to a yellow finely crystalline substance which was filtered and washed with water, alcohoi, and ether. 
Yield 80% of the theory. The compound was very difficultly soluble in water, somewhat better soluble in alcohol 
and ether. A solution of silver nitrate in the cold did not precipitate silver chloride; with heating, cloudiness 
appeared. Under the mleroscope the crystals had the form of yellow prisms, The air-dried substance was eames 


for analysis. 


Found%: Co 14,52; 14,43; $ 7,90 
[COACH Calculated %: Co 14,71; 8,00 


Il. 11.7 g of dimethylglyoxime were disso!ved with heat in 150 ml of alcohol. The solution was filtered 
hot and to It was added 12.0 g of cobalt chloride, 3.8 g of thiourea, and a strong stream of air was passed in for 


3 hours. Yield 90% of the theory. 
Found Co 14,41; C18,87; 8,44; 8,60; 8,28; 8,43; N 21,23; 20,91 
Calculated %: Co14,71; C1885; S 8, 00; N 20,98 - 


2. Bis-dimethylglyoxime dithiocarbamide cobalt chloride thio) {DH), }Ct- 5H,O. 4. 0 g of chloro- 
bis-dimethylglyoxime thiocarbamide cobalt (1 mole) and 2.3 g (3 moles) of thiourea were heated on a water bath 
with 50 ml of water. Thedifficultly soluble chloromonothiocarbamide compound easily formed a dark brown so- 
lution from which a red brown precipitate of long tetragonal prisms settled out on cooling. The substance was 
filtered, washed two or three times with water, and then with an alcohol solution of thiourea, A new portion of 
the substance separated from the mother liquors when they were evaporated in alr, They dissolved easily in a 
water solution of thiourea, The water of crystallization was lost very easily, in part when they were kept in ait 
and completely in a desiccator over phosphoric anhydride, : 


I. Heating chloro-bis-dimethylglyoxime aquocobalt with a water solution of thiourea, using 3-4 moles, 
converted this substance first into the monothiocarbamide compound which then went {nto solution and well 
formed tong prisms gradually separated. Excess thiourea did not change the reaction. The substance could be 


recrystallized from water which contained some thiourea, ; 


Ill. The substance could be obtained best and with a very good yield (up to 80% of the theory) ia the follow- 
ing way: a hot solution of 12.0 g of cobalt chloride in 30 m* of ethyl alcohol was mixed with 11.7 g of dimethyl- 
giyoxime in 150 ml of alcohol. To the filtered mixture was added 8-9 g, that issomewhat more than 2 moles of 
' thiourea and alt was passed in for 4 hours. Crystals of the dithiocarbamide complex gradually precipitated. To 
¢ — obtain larger crystals we heated the mixture on the water bath and cooled it i Freshly — substance 

dried between sheets of filter paper was used for analysis. . 
Found %:. 1. Co 10,29; $ 11,40 
U. Co 10,40; $ 11,25 
Il. Co 10,44; 10,30; Cl 6,38; 11,65; N 19,66; it: 
(COX CHN,S) Cale. %3-Co 10,39; Cl 6,25; S$ 41,30; N 19,76; H,O 15.87 


means the dimethylglyoxime residue 


NOI! KO 
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3. Bis-dimethylglyoxime dithtocarbamide ccbalt bromide 2H,O. The substance was 
obtained in the forin of dark-brown prisms by method Ill described for the preceding compound, with ylelds of 
15% of the theory, The substance did not lose water of crystallization over ila ain anhydride. The water 
could be removed only by heating to 105°, 


Found % Co 10,47; 10,45; $ 11,01; loss In weight at 105° 6,54 
2H,O. Calculated Co 10,57; 10,96; H,O 6,46 


4. Bis-dimethylglyoxime dithlocarbamide cobalt nitrate (Co(thio),(DH),JNO,-2H,O. This was obtained 
like the preceding compound. Yield 70% of the theory. ‘ 


‘ Found%: Co 10,71; 10,74; 10,81; $ 14,51 
Calculated %: Co 10,93; 14,93 


5. Bis-dimethylglyoxime dithlocarbamide cobalt fodide [Co(thlo){DH),}I - 2H,0. ™ compound was 
obtained by double decomposition in the presence of excess thiourea. 


3.0 g of bisdimethylglyoxime dithlocarbamide cobalt nitrate and 1.0 g of thiourea were dissolved with 
gentle heat In about 75 ml of water. 1g of potassium lodide was added to the still hot solution. Long prisms 
gradually separated; they were hace and washed with water, then with an cae solution of thiourea, 


Found %: Co 9,64; "9,82; $ 5,50 
1° H,O. Calculated %: Co 9,76; 5,29 


6. Bromo-bis-dimethylglyoxime thlocarbamide cobalt (Co(thloXDH),Br). 3.0 g of bis-dimethylglyoxime 
thiocarbamide cobalt nitrate and 1-2 g of potassium bromide were treated with water, The nitrate was gradually 
converted to adifficultly soluble dark-brown substance which was filtered and washed many times with water, al- 
cohol, and ether. Under the microscope the substance 7 = form of long, dark-yellow prisms, 


Co 13,14; Br 18,08; § 7,58 
Calculated Co 13,24; Br 17,96; 7,20 


In an analogous way we obtained other compounds of the type [Co(thioX DH),X]. 


7. Nitro-bis-dimethylglyoxtme carbamide cobalt [Co(thloxDH),NO,]. A brick-yellow, finely crystalline 
precipitate, difficultly soluble in water and organic solvents, 


_ Found %z Co 14,29; 14,00; 14,08; $ 8,13 
Calculated %: Co 14,33. 7,79 
8. Isothlocyanato-bis-dimethylglyoxime thiocarbamide cobalt [Co(thfoXDH),NCS). Difficultly soluble in 
water, better in organic solvents. Under the microscope it has the form of light-brown prisms, 
Found %: Co 13,60; 13,74; S 15,73 
Calculated Co 13,92; 15,14 
9. lodo-bls-dimethylglyoxime thlocarbamide cobalt. (Co(thloXDH),1), A dark-brown, finely crystalline 


substance, Almost insoluble in water. The action of excess potassium fodide on this substance on not cause 
any change, even with heating. 


Pound % Co 12,21; 11,98; I 25,93; 26,05; $ 6,76 
Calculated 4: Co 11,97; I 25,78; $ 6,52, 
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THE NATURE OF THE BOND BETWEEN THE CENTRAL ATOMS AND 
SOME UNSATURATED MOLECULES IN COMPLEX PLATINUM COMPOUNDS 


- - 


A. A. Babushkin, L. A. Gribov, and A. D. Gel*man | 
(Presented by Academicie> V. Spitsyn, July 7, 1958) 


The question of the bond between the metal and unsaturated molecules in complex platinum compounds 
is of great interest In connection with the general investigation of the nature of chemical bonds. Numerous 
workers who have studied this subject have been cited in the reviews of Keller and Chatt {1}. A. D. Gel’man (2) 
offered 2 theory according to which the platinum atom in the formation of complex compounds with unsaturated 
molecules acted simultaneously as an electron donor ané acceptor. Therefore there was formed a double covalent 
bond between the central atom and the olefin. Ia. K. Syrkin (3) assumed that the unsaturated hydrocarbons C,H,,. 
C3H,, and others,were bound to a considerable extent covalently to platinum. Chatt and Duncanson [4] suggested 
a scheme for the formation of bonds between olefin molecules and platinum in complex compounds which could 
be characterized asax-electron reaction. The basis of this scheme was found in the infrared absorption spectra 
of a series of complex compounds of platinum with olefins. However, the a of the observed spectra 
given by Chatt and Duncanson seems unconvincing tous, 


Chatt and Duncanson found a very weak absorption band in the spectrum above 3000 cm-%, In individual 
olefin hydrocarbons this band depends on the valence oscillation of CH io the group= CH, and Is very intense. 
One of the characteristic frequencies of the olefin molecule {s the frequency of valence oscillation of the double 
bond C=C with a wave number about 1650 cm™*. In complex compounds of platinum with olefins this frequency 
fs not found. In the Infrared spectra of complexes of platinum with propylene and the dimeric complexes of 
platinum with ethylene and propylene, the authors mentioned found absorptton bands whose maxima corresponded 
to wave number 1504-1506 cm=4, Chatt and Duncanson ascribed these absorption bands to the oscillation frequency 
of the double bond C=C, displaxed from the frequency in the corresponding {isolated molecule of addend. This 
assumed displacement of frequency (by about 130 cm™4) Is explained by these authors from the formation of a 
bond between the olefin and platinum. On the basis of these interpretations of the two spectral characteristics, 
Chatt and Duncanson came to the conclusion that the double bond of the olefin {s retained in the formation of ~ 
the complex. This conclusion, without a test, has also been accepted in the work of Jonassen ane Field [5}. We 
feel, however, that there {fs not sufficient basis for this, 


The authors of the present communication have set up the problem of making a critical on of the 
infrared spectrum of the complex compounds of platinum with ethylene, propylene, and carbon monoxide, We 
have reproduced the infrared spectra of the first two compounds and studied the spectra of the cis and trans forms ~ 
of K[PrtCONH,C},]. We have calculated the skeletal oscillations of the system (CH) Pt and studied the secular 
equation of the trans-form (PtCONH,Cl,)°. 

The number and values for the frequencies of the infrared si: bands of sain with ind lene and 
. propylene basically corresponded to the work of (4-6), 

- We consider the general spectral characteristics of the complex compounds of platinum with aetin, 

1, In contrast to Chatt and Duncanson [4}, the presence of frequencies above 3000 cm? fn the infrared 
spectra of these complexes {s accepted as a necessary, but still not sufficient sign of the retention of the double 


bond C=C In the olefin part of the complex. The absorption bands in this part of the spectrum occur also in 
such molecules as ethylene oxide, ethylene sulfide, ethylene imine, and cyclopropane, As theoretical work and 


es 
a 
¢ 
. 


eslculatio.. have shown (7), this depends on the close similarity of the electronte configuration tn the Cif, group 
of the molecules of ethylene, ethylene oxide, and cyclopropane, This similarity permits us to express the opinion 
that the olefin forms with platinum compounds of the type of a triangular cyclic structure. 


2 By analogy with the preceding, the frequencies of the ethylene and propylene complexes with platinum 
found in the field 1490-1510 cm7! more truly belong to a deformed oscillation of CH, (as has been established hy 
strict calculation for cyclopropane and deuterocyclopropane [7a] and also as an Interpretation for the — 
spectrum of ethylene oxide) and not a frequency of oscillation of the double bond C=C. ‘ 


3. The frequency of nonplanar deformative oscillation of the CH group is characteristic for olefins {8}. 
In the ethylene molecule it is 949 cm*! and is very Intense in the Infrared spectrum. The absence of this frequency - 
in the spectruin of K(PtC,!,Cl,)- ,0 and the presence of four supplementary intense oscillation frequencies in 
the ficld from 1300 to 700 cm! as compared to the spectrum of the starting addend indicates considerable rebuild- 
“Ing of the ethylene molecule. This can be connected only with the rearrangement of the doubse bond C= C into 
a single one. 


4. Such ideas are found in respect to the data on the structure of K(PtC,H,Cl,}-H,O obtained by G, B. Bokil 
and G. A. Kukina [9}, according to which the ethylene molecule {s arranged perpendicular to the plane of PtCl; 
andisalmost symmetrically related to it. The distance between the carbon atoms {s 1.50 A, that fs, a value 
characteristic for a single bond between these atoms, Utilization of the structural parameters of this compound 
permits calculation of the frequencies and force constants of the triangular model of the (CH,),Pt complex. For | 
the sake of simplicity we have not considered the effect of oscillation of the chlorine atoms since it is known 
that reactions transmitted through heavy atoms are usually small. The CH, group {s taken as one atom. It is 
also assumed that in the case considered the model of the central energy was true. Calculation showed that the 
frequencies central energy was true. Calculation showed that the frequencies 1188, 500, and 632 cm! belonged to 
*sing® oscillations and the force constants between the carbon atoms were 4c-c= 4.7+ 105 atthe cm; between 
the platinum and carbon atoms a p;_¢ = 3.2° 108 dyne/em, , 


5. Analysis of the infrared spectrum of the complex compound K[PtC,H,Cly]- H,0 shows that the double © 
bond C= C in the ethylene is changed into a single bond when {t enters the Inner sphere of the platinum atom - . 
and the strength of the bond: between the platinum and the carbon atom Is bos the order of magnitude of the ~ 
strength of an ordinary covalent bond. 


6. The ideas expressed in points 1-3 relate to the complex K(PtCjH,Cl3] -H,O. On this 
basis the authors consider that its structure and the nature of the bonds formed by propylene with the central atom ~ 
are analogous to the structure and nature of the bonds of ethylene with platinum in its complex compounds, 


1. The infrared spectra of the complex cis and trans forms of K[PtCONH,Cl,}- H,O were studied. For the 
trans form we set up the secular equation, a study of which showed that in the matrix of the force coefficient the 
group of atoms O-C-Pt could be considered an Isolated triangular molecule. The observed spectrum could be 
considered an isolated triangular molecule. The observed spectrum could be explained by accepting the assump- 
tion of a linear combination of a molecule of ethylene oxide with platinum. The force constant of the bond 
Pt-C Is 3.38- 10° dyne/cm and the force constant of deformative oscillation connected with change In angle: : 


O-C-Pt is 0.5-10* dyne/em., ‘ 
The calculated force constants for —" compounds of platinum with ethylene and with carbon monoxide — 
‘ agree with the literature data (10). ‘ 
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THREE TYPES OF KINETIC CURVES FOR THE REACTION OF METHANE AND 
PROPANE WITH NITROGEN DIOXIDE : 


A. P. Ballod, S. I. Molchanova, Academician A. V. Topchiev, ap 


T. V. Fedorova, and V. Ia. Shtern 


The kinetics of the vapor-phase nitration of methane and propane by nitrogen dioxide have been studied 
In a vacuum apparatus connected with an automatic photocolorimeter for recording the utilization of nitrogen 

dioxide and a membrane manometer with a photorecorder on a rotating drum to register the increase In pressure. 

The cylindrical reaction vessel with soldered plane parallel plates was of quartz (d = 45 mm, h = 235 mm) in 

the case of methane, and of molybdenum glass (d = 50 mm, h = 200 mm) in the case of propane. The reactor ‘. 
was placed in a tubular electric oven with a constant temperature for the length of the reactor ard a horizontal 

opening for visual observation. The temperature of the oven was maintained by a thermoregulator and was - 

measured with a thermocouple on the outer wall of the reactor. The purity of the methane (not below 99.5%) 

and of the propane (not below 99.8%) was determined chromatographically. In running the reaction, a previously 
prepared mixture of the alkane with nitrogen dioxide, _— for the degree of dissociation of N04, was drawn 

from the preparation flask into the reactor. 


We found of reaction behavior, 
depending on composition of the mixture, initial 
pressure, and temperature. 


a) Slow reaction (Figs. 1a, 2a). This is 
characterized by a continuous increase in total pres- 
sure up to saturation. At the same time we find a 
corresponding and also continuous expenditure of 
NO,. The characteristic of the kinetics is a constant 
rate of expenditure of NO, until 30-50% of it is used 
up (Fig. 2a). In the case of propane at lower tem- 
peratures (250-300°), small initial pressure, and 
composition of the mixture C,H: NO, of 1:1, 2:1, 
and 4:1, the curve of increase in pressure has an 


‘ Se S-form (Fig. 2a) and at the beginning of the reac- 
Fig. 1. Three types of kinetic curve. Mixture tion (sometimes in 30-40 sec.) the total pressure 
4CH, + NO,, 475°. a — slow reaction, b, c, — remains almost constant, though a rapid use of NQ, 
reactions with peaks, d — reaction with combus- {s observed in this period. This can be explained by 
tion. Shaded and dotted lines show the area af- the occurrence of a reaction in the initial stages 
fected by the inertia of the recording apparatus, without change in volume. In the case of the reac 
1— OP. tion of methane with NO, such a constant total 
sure in the initial moments of the reaction is not 

observed, 


b) Reaction with peak (Figs. 1b, le, 2c). With Increase in initial pressure of temperature and constant 
composition of the mixture, the “slow reaction” changes to the °reaction with peak.® After a time interval 

which varies depending on initial conditions from 1.5 to 7 sec. and during which the reaction begins spontaneously, 
there Js a rapid Jump in pressure at which time, depending on the height of the peak, there occurs alinost complete 
or very considcrable utilization of the NO,. The Jump in pressure is not connected with the appearance of a visible flame, 
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Fig. 2. Three forms of the kinetic curves. Mixture C3H, + NO, 300°. a) slow 
reaction, b) reaction at the boundary of slow reaction and reaction with peak, 
c) reaction with peak, d) reaction with combustion. Designations the same as 


in Fig. 1. 


TABLE 1 
Composition of the Main Carbon-Containing Products at the Moment of Utilizing the NO, 
forthe Three Kinetic Types (in mm mercury of used C5H,) 


Slow reaction 


446, 740 
9 7 9 
Celle +2NOs, 300%, Pint,320 | | _ 0,10 


Reaction with peak ; 
1,342.0 99 


-74+2,043,8 
| 3,7+5,5+8 =1,6 2 0,30 


Colla + NOs, 300°, Pins, 396 11,0 


Reaction with combustios 
0,54+2,3-4-12,4 = 150 9,6+12,6 = 220 


; + 2NOs, 350°, Png, 171 ® 0,1 0,1 
.1+28,0 
Initial pressure of the mixture, 


Following the Jump in pressure, the pressure drops sharply, sometimes (in the case of propane) to the Ini:lal pres- 
- sure, after which there {s a further slow rise in pressure to saturation, In Fig, 2b is shown the kinetic curve for the 


reaction at the boundary of the “slow reaction® and the “reaction with peak.® 


¢) Reaction witn combustion (Fig. 1d, 2d). With still greater increase in initial temperature and pressure 
the spontancous heating of the reaction leads to an obviously explosive process, In this case the reaction is prac- 
tically ended in the flame, at which time all the NO, fs used, The intensity of the Mash in this form of the reac- 
tion increases at constant tempcrature as the Initial pressure Increases and the color changes from a pinkish-blue 
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Fig. 3. Fields of the three types of the kinetics of nitration of methane. 1) : 
slow reaction, 2) reaction with peak, 3) reaction with combustion, 


sv 


Fig. 4. Fields of the three types of kinetics of nitration of propane, —s the same 
as in Fig. 3. 

to a whitish-yellow. At lower initial pressure there occurs an expansion of a front of light froin the center of the 
reactor, where the reaction mixture {s introduced, to the walls. The rate of expansion in this case is 15-20 cm/ 
/sec. The weak light near the boundary of the visual field can be seen only in a dark room; it fs like the cold 
flame of the slow oxidation of hydrocarbons. We did not succeed in observing luminescence visually, that fs, the 
light mentioned by Joffe (1). 


The ratio of the increase in pressure at the moment of utilization of NO, to the {initial pressure of NO, in 
the mixture AP/Pi iti at NO, for the reaction between CH, and NO, in the limits of a given mixture does not de- 
pend on the type of kinetic reaction, initial pressure, and temperature, and is slightly changed with the composi- 
tion of the mixture. For the compositions 23:1, 4:1, and 6:1, this ratio is 0.41, 0.43, and 0.36. 


The ratio AP,/Pinitiay NO, for the reaction between CH, and NO, is determined by the type of kinetic 
seaction and the composition of the mixture. This ratio is minimal for the reaction with an {intense peak (0.14 
for 2:1, 400°; 0.12 for 221, 350°; 0.04 for 4:1, 400°), maximal for the reaction with combustion (0.75-0.87 for 
1s: 1 and 1:2) and has an intermediate value for the slow reaction (0.22-0.30 for 231 and 4:1 and temperatures 
from 250-400° and 0.38-0.46 for 1:1 and 1;2 and temperatures from 250 to 400°). 


As the data of Table 1 show, the composition of the products of the slow reaction and the reaction with 
peak are close to each other, but differ considerably from the composition of the product from the reaction with 


- combustion. 


In Figs. 3 and 4 are po the boundaries of the fields of the different kinetic types. The boundaries of the 
field of the reaction with peak for CH, and CH, narrow with increase in temperature and with enrichment of the 
mixture in NO,. Thus, for example, for a composition CHg+ ZNO; (400-600") the reaction with peak was not 
found, for a composition 2CH, + NO, (500°) the reaction with peak occurs in the field Pinttial = 99-102 mm, and 
for the composition — NO, (500°), in the field wietas = 195-247 mm, . 
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THE ANALYSIS OF FLUOROORGANIC COMPOUNDS. SIMULTANEOUS ; 
MICRODETERMINATION OF FLUORINE AND NITROGEN IN ORGANIC COMPOUNDS 


N. E. Gel*man, M. O. Korshun, M. N. Chumachenko, and N. 1. Larina . 
(Presented by Academician M. 1. Kabachnik, July 8, 1958) 


In earlier published work {t was established [1, 2] that In the elementary analysis of fluoroorganic coinpounds, 
magnesium oxide is a rcliable reagent for quantitative binding of fluorine liberated in the decomposition of organig 
substances, It was shown the same time that fluorine absorbed by magnesium oxide could be quantitatively libera- 
ted from the layer of absorbent in the form of HF by hydrolytic decomposition of the magnesium fluoride by steam 
at high temperature (2}. The high temperature hydrolysis, or pyrohydrolysis goes by the following schemes ee 


Mef + H,O --MeO+ HF. 


On the basis of this fact, we considered it possible to work out a simultaneous determination of fluorine and 
nitrogen from the same sample by p!acing magnesium oxide in the zone of decomposition of the substance in the 
Dumas determination of nitrogen, taking up the fluorine by the magnesium oxide, and then pyrohydrolyzing the 
magnesium fluoride which was formed. For this purpose we used the modification of the microdetermination of 
nitrogen by the Dumas method which was worked out by M. O. Korshun and M. N, Chumachenko and was used for 
the analysis of hard-to-bum compounds; in this they used pyrolytic burning of the sample in a layer of nickel oxid¢ 


TABLE 1 
Burning in a Layer of Pure Nickel Oxide 


Substance Weight, g 


4 Calculated . Difference 


‘@-Hydroperfluorolsobutyric 7,009 2,41 


anilide CyHF NO 4.790 — 0,98 
borofluoride BF WN Dy $,200 
6,720 
pentafluoropropane® C,HBrF, 4,690 


‘This variant was chosen because pyrolytic buming according to M. O. Korshun [4], carried out in a quartz 


_ apparatus, not only assures quantitative combustion, but permits easy replacement of the preparation which absorba™ 


the fluorine after each experiment. The presence of nickel oxide as well a3 cagnesium oxide in the zone of de- 
composition does not hinder the pyrohydrolytic determination of Muorine, since nickel fluoride 1s hydrolyzed at a § 
lower temperature than {s magnesium fluoride [5}. At the same time, nickel oxide itself at high temperatures 
does not hold back fluorine completely. In Table 1 are given the results of determining Muorine when the sample 


was bumed In a layer of pure nickel oxide. Combustion was carried out at 900° in an electric furnace 6 cm long. 
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TABLE 2 
Determination of Fiuorine and Nitrogen in One 3.5-8 mg Sample — 


N.% 
Re 
Calculated Found |Difference Calculated] Found Difference] . 
8 ~(p-NMuorophenyl)-v -alanine | 1464 1.67 + 0,03 10,37 10,12 — 0,25 
NO, 7,58 0,09 10,39 + 0,02 
Trifluoroacetone 2,4-dinitro- 
phenythydrazone 9 19,10 — 0,08 19,71 + 0,19 - 
CHINO, ats 19,20 + 0,02 ~— 19,88 + 0,36 
8 -Trifluoromethyl-y -piperidino- 
trifluoropropenyl benzene 5.53 5,35 — 0,18 30.02 29,99 — 0,03 | |Fyro- 
Cyt F NO 5,38 0,15 29,69 0,33 |] hydroly- 
-phenyl- ‘ ted 
1-trifluoropropenyl)- atin 4,43 | 35,66 | + 0,37 i 
piperidine CysHysFQN 4,32 | -0,02 35,60 + 0.3111 
-Hydroperfluoroisobutyric 
anilide 5,08 — 0,08 42,14 + 0,10 
$16. | 42,24 | + 0,20 
p-Toluidine salt of phenyl- Ne 
fluorophosphinic acid 5.26 $,15 — 0,09 1.10 1,15 + 0,05 
sFNO,P 5,26 + 0,02 om 6,94 — 0,16 | 
Difluorochloroacetanilide 
borofluoride 8.89 8,76 - 0,13 16.20 16,09 — 0,11 | |Pyrohy - 
NO 8,82 16,51 | + 0,31] | drolysis 
a, B, 8, -Tetrafluoropropio- poe 
phenone -2,4-dinitrophenyl- 14.51 14,65 + 0,14 19.43 19,85 + 0,42 f wn P 
hydrazone CysHyF NO, 14,70 | + 0,19 19,57 | + 0,14 
@-Hydro-B -methoxyper- 
fluoropropionitrile® 10,13 — 0,02 41,02 + 0,04 
NO 10.15 | 4%8 40.97 | -0,02 
@ -Hy drope rfluorolsobuty ric 
acid piperidide 5,27 - 0,15 43,19 - 0,12 
5,32 43,31 
Cy F NO 


*B. p. 106° 


_ For simultaneous determination of fluorine and nitrogen a 3-8 mg sample was placed in a 9 cm long quartz ; 
combustion tube filled with a granulated preparation of nickel oxide which contained 15-20 weight % MgO, and 
this tube was inserted in a larger combustion tube; combustion was carried out at 900-950° in a CO, atniosphere, 
Liquid samples were taken up in thick-walled quartz capillaries which were also placed in the tube and covered 
with oxidizer. At the cnd of the combustion of the substance and after the nitrogen had beén driven into the 
azotometer?the contents of the quartz tube were poured into the pyrohydrolytic tube, designed by N. E. Gel*man 
and K. I, Glazova, through which steam was passed at 1000° at a rate of 0.5 ml of condensate per minute, The 
lasted 20-25 minutes. was utrated In the condensate thorium nitrate (6) and 


*Translation of Russian - Publisher" note (Means nitrogen meter), 
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was detennincd hy the volume collected In the azotometer. Either 3 platinum o¢ a nickel tube was used for the 
pytuhydrolysis. tn work with the nickel tube we Introduced an empirical correction for the loss of fluorine in tee 
Apparatus ducing pyrohydrolysis, 


Nitrogen was determined with an accuracy to 0.2%, fluorine to 0.5% The results of the analyses of pure 
substances are given in Table 2, 5 


The determination of fluorine and nitrogen in one sample of organic sala has been carried out first 


by 


Institute of Organometallic Compounds Received June 27, 1958 
Academy of Sclences USSR ‘ 
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THE PREPARATION OF CARBOXY METHYLCELLULOSE FOR BLOOD-SUBSTITUTE 
SOLUTIONS 


K. F. Zhigach, M. Z. Finkel’shtein, 1. M. Timokhin, and A. 1. Malinina 
(Presented by Academician A. V. Topchiev July 3, 1958) 


The sodium salt of carboxymethylcellulose (Na~CMC) was first used as a plasma substitute by Hueper {1} 
According to his data, the injection of even great excess amounts of Na-CMC (up to 600 ml cf a 0.25% solution 
pet kg) causes no appreciable change in blood composition in the organs of animals. However, when Na-CMC 
was injected, Hueper found a hypotensive effect which forced him to assume that this preparation had general 
undesirable characteristics, 


Since preparations of CMC can be obtained with different values for the degree of polymerization (DP) 
and degree of etherification (DE), (2), it seemed desirable to obtain such oo which might have satisfac- 
tory hemodynamic properties. 


TABLE 1 
Change in DE of CMC Depending on DP of the Alkali 


TABLE 2 


Relation of DP of CMC to Duration and Temperature 
Cellulose Regime of Pretreatment of Alkali Cellulose 


Exper. | alkali DE ti No.}| Conditions of pretreatment of CMC 
No. cellulose | :CH,CICOONa |of CMC 
(in raoles) 1 100 hours at 20° 
2 12 hours at 50° + 32 hours at 20° 130 . 
3 12 hours at 55°+ 32 hours at 20° | 125 
3 170 ] 2:1,35 1.6 | 4 11 hours at 50 + 32 hours sal 120 
1:1,30 15,2 
5 100 131,25 15,3 Note. Mercerization was carried out with solu- — 


tions of NaOH (230-235 g/liter) at 20° for 1.5 hours. 
The alkali cellulose was given preliminary shredding 
for 2.5 hours at 50° (in exp. No. 1, at 35°). - 
This work was begun in the Moscow Petroleum Institute in cooperation with the Central Institute for 
Hematology and Blood Transfusion (TsOLIPK) in 1953. 


We synthesized more than 40 different preparations of CMC which were studied as Sandee solutions - 
by TsOLIPK, 


The degree of CMC polymerization was determined by the method ” Wurz [3] and the ait a of etherifica- 
tion by fodomeuic determination of copper salt of CMC, 


The DP of the starting cellulose was determined by the specific ani: of its solutions in — 
ammonium bases [4}, 


CMC preparations with different valucs for DE and DP were obtained ~ etherification of shredded alkali 
cellulose with sodium monochloroacetate after first squeezing out the excess alkali solution, The degree of 
etherification was rcgulated by changing the ratio of etherifying reagent and cellulose (2), and the DP fy the 
temperature tcgline and duration of preliminary ueatment of the alkali cellulose, 
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TABLE 3 


Breakdown of Alkali Cellulusc in the Presence of nen Peroxide 


Prepara- | Amount of H,O, in the merceri- Amount of 140, : pe 
tiou No. zation bath added to shredder, Conditions of preweatment of CMC 
Concn. of |H,0,,% wt. of | % wt. of cellulose ip 
in the alkali, % cellulose 2 

5 1,5 45 _ 3 hours at 40° 167 

6 1,5 45 _ -6 hours at 40° 130 

7 1,5 45 _ 5 hours at 45° 130 

8 1,5 45 1,5 4 hours at 40° 140 

9 ~~ saad 3.5 4 hours at 40° 110 

10 —_ aad 3,5 4 hours at 45° 100 


hours. 


TABLE 4 


Change in Functional Groups in Cellulose during the 
Process of Oxidative Destruction 


; Quantity of glucose residues 
Preparation No. 
COOH —COH 
89 
8 15 585 
9 13 394 
10 69 235 


parations. The preparation was precipitated from water solution by alcohol and filtered, then weated with a 5% 
alcoholic solution of hydrochloric acid. The fon compounds which dissolved in the acid were removed by succe:s- 
sive filuation and washing of the resulting cellulose-glycolle acid; this was then dissolved in aqueous alkali, 
teprecipitated by alcohol, and washed fromcontaminants by extraction. This process of purification did not charye 
the DP of the CMC and assured a preparation with a high degree of purity. ‘ 


TABLE 


Note. Mercerization was carried out at 35° for 1.5 hours; shredding of the alkali cellulose at 37° for 2.5 


Effect of Duration of Hydrolysis of CMC by HCI Solutions oa the Blood-Substiuting Pro= - 


The amount of etherifying reagent needed to ob- 
tain the desired degree of etherification depended on 
the DP of the initial alkali cellulose. 


The data of Table 1 show that with decreasing 
DP of the alkali cellulose with the same ratio of rea- 
gents, a higher value for the degree of etherification 
is obtained (experiments No, 1-3). It was also shown 
that the desired DE can be obtained with less cost of 
sodium monochloroacetate by lowering the DP of the 
starting alkali cellu!ose (experiments No. 4 and 5). 


Only chemically pure preparations of CMC are 
suitable for making blood-substitute solutions, We uscd 
the following method for the purification of CMC pre- 


perties of the Preparations 
Preparation No. | DP of starting | Duration of CMC!DP of CMC after [Results of blologi- 
CMC hydrolysis, min hydrolysis cal study 
a 130 80 80 + 
3 ‘125 15 80 
6 130 15 gO ¢ 
7 130 80 80 + 
il 130 85 67 
12 250 300 70 
13 240 300 60 


To assure full solubility, the DE of the CMC should be high. However, the experiments with our CMC pre- 
parations in the TsOLIPK showed that variation tn DE from 70 to 85 did not affect the actual ee 
properties of the CMC 
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In order to study the cffect of DP we preparcd a series of samplcs of CMC with DP from 240 to 58. The 
most effective were the preparations of CMC with a viscosity of 3.5-5,0 centipoises in 3% water solutions, which 
corresponds to DP of 70 to 100. Higher molecular weight preparations and also preparations with a lowcr DP had 
poor hemodynamic propertics. This fact docs not ayrce with the results of G. M. Miklavskaia and E. D. Buglov 
_ (6) who uscd higher tolecular weight CMC preparations as blood substituents, 


Of greater significance is the choice of a satisfactory process for obtaining CMC preparations with a low | 
degree of polyincrization. Low polynicrization of cacboxymethylcellulose can be attained by preliminary break- 
down of wie starting cellulose, or of the alkali cats and by supplementary splitting of the already prepared 


‘As our investigations showed, preliminary splitting of cellulose by aqueous HCl produces a series of techno- 
logical difficulties in the merccrization of the cellulose and its further use, and so cannot be recommended. 


Oxidative breakdown of the alkali cellulose by oxygen of the air, as Table 2 shows, is a very long process 
even at raiscd temperature of pretreatment of the alkali cellulose. ; 


In order to hasten the process of breakdown of the alkali cellulose we used the addition of hydrogen peroxide 
in the mercetization bath or on the alkali cellulose during its shredding. 


The results of the experiments are given in Table 3. 


The CMC samples prepared from alkali cellulose split by the use of H,O, behaved differently when studied 
as blood substitutes; introduction of small amounts of hydrogen peroxide (up to 1.5% in the shredder and merceri- 
zation bath) had no harmful effect on the blood-substituting properties of CMC. Preparations No. 5-3 obtained in 
this way gave satisfactory results in animals, Addition of larger amounts of H,O, directly on the alkali cellulose 
- during slucdding produced toxic properties in the CMC preparations; eS No. 9-10 caused death when in- 
jected into animals. 


The results of a chemical investigation of the composition of cellulose which had been submitted to oxida- — 
tive breakdown are given in Table 4 and show that preparations No. 9 and 10 which caused the death of the 
animals differ little from preparations No. § and 8 in content of carboxyl groups as determined by the O-nitro- 
phenolate method [7}. The content of aldehyde groups, determined by the iodine number [8], {s slight in all the 
preparations (considering their degree of polymerization). In determining the content of carbonyl groups by the 
hydroxylamine method [9], practically no change in the pH of the solution was observed. Hence, ketone groups 
are also absent in the samples of cellulose which we studied. 


Therefore, the increase in toxic properties in preparations No. 9 and 10 cannot be explained by an in 
the average chemical composition of the cellulose. Most probably it is due to uneven processes of breakdown and - 
also the accumulation of some quantity of strongly oxidized cellulose which gives the toxic properties to the CMC 
pteparations. We can conclude from this that the use of hydrogen peroxide to hasten the breakdown processes in 
the alkali cellulose and attain the desired DP should be applied very cautiously. 


To obtain a CMC with a DP value below 100 we have carried out a further breakdown of the prepared pro- 
duct by hydrolytic splitting with aqueous hydrochloric acid at 65-70°, The duration of the hydrolysis —— on 
the initial DP of the CMC preparation. 


The experimental use of a high enutansihie weight CNC preparation (DP 250) for this purpose gave unsatise 
factory results: preparations No. 12 and 13, obtained by this process, are toxic, as Table 5 shows, while the samples 
obtained from: further destruction of ne low molecular weight CMC preparations (DP about 130) give 
positive results, 


The negative results are evidently due to hydrolytic splitting of high molecular weight CMC preparations 
— in a heterogencous medium; some of the highest molecular weight fractions remain ny broken down and 
this és reflected harimfully in the blood-substituting properties, 


This Investigation will permit us to plan a nen method for obtaining Na-CMC pepenenens which have 
blood- substituting propertics. 


M. Gubkin Moscow Institute. Received July 1, 1958 
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A STUDY OF THE MECHANISM OF THE SPONTANEOUS DECOMPOSITION OF 
POTASSIUM OZONIDE BY THE USE OF A MAGNETIC METHOD 


Corresponding Member AN SSSRI. A. Kazarnovskil, S. I. Raikhshtein and 
L. N. Bykova 


A study of the kinetics of the spontaneous decomposition of potassium ozonide [1] has shown that this reac- 
tion proceeds according to the equation 


2 KO, = 2 KO, + O, + 11.6 kcal, 


and has an autocatalytic character with an induction perlod at 18, 0, -9, and -18° corresponding to 1.67, 20, 54, 
and 205 days. In the following active period the rate of splitting of potassium ozonide increases rapidly; the 
enctgy of activation is 22-23 kcal/mole. 


TABLE 1 
Experimeni No, 15, Preparation No. 1, Sample 0.5463 g, Temperature 19° 
Time from |Degree of Gram magnetic susceptibility ‘ 
start of ex- |decomposi- 
No. periment, |tion of KO;, Xg 
ours from oxygen Calculated 
h Measured Corrected by additivity A. % 
tulee 
i 0 0 +15,15 +16,89 
2 17 8,1 +15,95 +17,81 +17,60 +1,2 
3 23 9,5 +15,90 +17,76 +17,70 +0,3 
4 41,5 41,1 +16,10 +17,98 +17,80 +1,0 
5 47,5 18,9 +17,60 +19,67 +18,09 +8,7 
6 67,3 27.4 +20.30 +22,75 +19,20 +18,5 
7 89,5 48.8 +22,50 +25,33 +21 ,02 +20.5 
8 94,5. 56.3% +23.15 +26,11 +21,64 +20,7 
9 113.5 74,2 +23.50 +26 ,62 +23,17 +14,9 
10 118,5 78,3 +23,20 +26,31 +23,54 +11,9 
ii 161,5 95,0 4-23.05 +26,25 +24, +5,2 
12 167,5 96,1 423,15 +26,38 | +25, +5,2 
13 186,54 98,4 +22,70 +25,88 +25,22 +2,6 
14 98,4 +22.75 $25,953 +25,22 
1s 22n 100 $22,320 +25,44 * 
16 230 100 +22,20 +25,3% 


*Calculated by the equation: ¥, (mixture) = ay 
is amount of potassium 


giKO;) + (lea) (KO,), where 
in the mixture. 


In order to explain the mechanism of the decomposition of potassium ozonide, we ha 2 undertaken magne- 
tle measurements, In the formation of a strongly paramagnetic intermediate product we can expect a shift of the 


magnetic susceptibility with additivity towar 
toward a dectcase. 


d an increase; in the case of formation of a diamagnetic product, 
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_ Degree cf decomposition of KO, (from oxygen formed) 


Fig. 1. Change in magnetic susceptibility during decomposi- 
tion of KO, at 0° (a) and at 18-20° (b) 


TABLE 2 


Amount of Atomic Oxygen in the Solid Reaction Product of Decomposition of Potassium 
Ozonide (Experiment No. 15) 


se 2, SE Amount of atomic 

SS SS SS] Per 100 | Per 100 
12S | 2 23% | staning 

0 o 0.4901 | 0.4901 
2] 17 8,1 10.4828 | 04461 | 0,0357 |] 0.0078 9,0 0,9 9.9 
33 9.5 19.4815 | 90,4408 40,0402 7 0.0005 in,4 0,6 5,5 
4] 40.5) 44.4 [0.4801 | 0,4319 | 0.0473 | 0.0006 44,8 0,7 5,6 
S| 47.5] 13.9 |0.4775 | 0.4013 | 0,0724 | 0,0937 18,2 4,1 22,7 
6} 67.3] 27.4 10.4654 | 0.3134 | 09,1441 | 0.0077 36,4 8,5 23,7 
7) 89.5) 48.8 10,4461 0.2013 0.2357 | 0.0090 | 60,3 | 10,0 16,9 
8] 94.5] 56.3 [09,4393 | 0.1636 | 0.2064 | 0,001 65,3 | 10,4 15,2 
9) 113.5] 74.2 |0,4231 | 0.08833 |] 0.3279 | 0.0067 | 81,9 7,5 9,1 
10] 118.5] 78.3 [0.4195 | 0.0758 | 0.35381 | 0.0955 | 84,4 6,0 
161.5}) 95,0 | 0,404 0.9109 | 0.3911 | 0,0022 | 97,9 2,5 2.5 
- 12) 167.5] 10,4934 | 0.00% | 0,3957 | 9.0723 | 99,3 2.5 2.6 
13) 98.4 | 0.4016 0,0023 09,3982 | 0,0011 | 100 4.2 1,3 
14) 98,1 10.4916 | 0,0018 | 0,386 | 0,0912 | 100 1474 1,4 
12} 229 | 1n0 0.3988 0.3986 - 100 
100 0,3988 - 0,386 -- 100 -- 


The potassium ozonide preparation contained 88-92% KO,. As an example, we give preparation No. 1: 
KO, 89.874 KOH 8.07%; H,O (in the focm of KOH-H,0) 2.2% , 


The magnetic measurements were carried out at 
the same time as the kinetic ones, at room temperature 
P (18-20°) and at 0°, The measurements were made by 
em’ /éays _ the G ouy method in an apparatus with a large laboratory 


electromagnet. A sample of 0.5-0.6 g of potassiuin - 
2 «f ; i ozonide powder was placed in a Jena glass ampule, 
=I. of ed is diameter about 2 mm and length 140 mm, joined to a 
stopcock and ground glass jolat which permiticd alter- 
nate connection of the ampule to the magnetic ap- - 


Gdays paratus and to a gas buret in which the amount of 
Fig. 2. Rate of evolution of molecular oxy- oxygen which formed was measured, Before it was. 
Kev (3) and aniount of atomic oxygen (2). filled, the ampule was ignited in a vacuunttoremove 


Temperature O°, (Expermuent No, 16). adsorbed inolsture, 


f 
3 
4 


hour 


Fig. 3. Rate of for:nation of atomic oxygen (1) and evolution of molecular 
oxygen (2). Temperature 19-20°. (Experiment No. 22). 


The operations of taking the sample and filling the ampule were carried out in a special dry chamber. The 
variations in weighing the ampule on the magnetic balance did not exceed 0.09 mg while the change in weight 
of the samples in the magnetic field was 15 to 45 mg. The results of the magnetic measurements with different 
preparations, as a rule, were reproducible within s 2% 


In all,we carried out nine experiments: seven at 18-20° and two at 0°. 


The initial product KO, and the final KO,,as is known, are paramagnetic. At room temperature our potassium 
ozonide preparation gave x,-10° = + 16.9 4 0.15 and the final product (potassium superoxide) gave X,°10° = 
# 25.2 4 0.15. These values, calculated to 100% preparations®, are in — agreement with the previous 


In Table 1 and in Fig. 1 are given the results of's some kinetic and magnetic measurements at room tempera 


" ture and at 0°**, The dotted straight lines give the values of xg calculated by the rule of additivity. 


The observed variation from additivity, which is far beyond the limits of experimental error, indicates the 
{intermediate formation of a strongly paramagnetic product. It is natural to assume that this product is atomic 
oxygen whose magnetic susceptibility is several times greater than those of KO, and KO,, since the atom of oxygen 
in the ground state (°P) has two unpaired electrons. . . 


The intermediate formation of oxygen atoms is confirmed also by the observation of the formation of traces 


of ozone which is shown by oxidation of the mercury surface in the manometer apparatus, : et 


The amount of atomic oxygen in different stages of the process can be estimated from the magnetic data 
and the weight of the solid product of the reaction. From the fact that the latter consists of KO;, KO;, and oxygen, 
We can set up three equations: 


0,4489x 0,5499y = 0,4489g4 (2) 
(KO ) x + y + Xe (O)z = (mixture) (3) 


where gq is the amount of KO, in the starting sample, g, the weight of solid reaction product, x the amount of 
KO,, y the amount of KO, and z the amount of atomic oxygen in time ¢ hours (weights in grams); X g (KO); 


mixture of KOH and H,O. This applies also to the corrected values for the gram suscepubility of the solid reaction 
product in Table 1. 


© 1. Smirnova took part in the measurements. - 
©°*The magnetic susceptibility of atomic oxygen has not been measured up to now. Theoretical calculation ~ 
the van Vicck equation gives for room temperature (293°K) a value of xp (O)- -10 = 5000/16 = 312.5[5). Since 
in our casc the orbital component of the maguctic moment is evidently fixed by the lattice fons, then for the suse 
ceptibility of atoinic oxygen in the solid phaze we take the theoretical value which corresponds only to the spin. 

_ Then we have at 293° K; Xp (O)* 10° =3:390/1G= 211.18; at 273° Ks (O)-10 = 227.5, The ainounts of atomic 


oxygen calculated from these valucs are probably an upper limit. 


Xg (KO); Xg (O) and Xp (mixture) are the gram magnetic susceptibilities at the temperature of the experiment® **, 


*In calculating the magnetic susceptibilities of the 100% preparations we could neglect the diamagnetism of the | 
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Equation (2) is based on a constant amount of potassium in the rcaction mixture. When we solve equations 
(1), (2), and (3) with the numerical values xg (KO,)- 16.89; =+ 25.33, and (0)-16 = 
4211.88, we find 


x= 4,9484 g;— 3,5539g0 (mixture) 
y=3,7175 ge—4,0395p¢ +0,0191 (mixture) 
z= 0,091! ge—O,1636g, +0,0043g¢-x—¢ (mixture) 


These equations permit us to calculate the amount of KO3, KO,, and atomic oxygen in different stages of the 
decomposition process for KO. In Table 2 we give the results for experiment No. 15. 


From the data of Table 2 it follows that at the beginning of the decomposition the content of atomic oxygen 
in the solid phase rises, passes through a maximum at about 60% decomposition of potassium ozonide, and then 
falls to zero at 100% decumposition, At the maximum point the solid phase contains as atoms about 15% of all 
the oxygen formed. The greatest relative amount of atomic oxygen (up to 25%) is found at the end of the induc- 
tion period or at the beginning of the active period. 


This result is an argument for the proposed hypothesis of the nature of the induction period which rests on 
the theory of defective crystal suucture. According to this hypothesis, the induction petiod is characterized by . 
an accumulation of defects in the crystal lattice of potassium ozonide, that is, fons of O, and atoms of oxygen; ~ 
when some critical quantity of these defects is reached, the initial suucture decomposes into a phase saturated by 
the defects and by sceds of the new pliase, KO,. This moment corresponds to the beginning of the active period 
of the reaction, which occurs preferably at the boundary of the two phases, : 


To explain the mechanism of the evolution of molecular oxygen we compared the rate of this process (wo) 
with the amount of atomic oxygen in the solid phase (z). In Fig. 2 we give as an example the data of experiment 
No. 16. They show that the formation of molecular oxygen is a first-order reaction with respect to atomic oxygen. 

* This makes a recombination mechanism improbable and indicates a reaction of oxygen atoms with ozonide ions: 
O+ O; =O;+0,. Further kinetic analysis shows the same regularities for the rate of formation of atomic oxygen 
as for the rate of evolution of molecular oxygen, namely, a curve with a clearly expressed topochemical maximum 
(Fig. 3). Hence both of the main events in the splitting of the ozonide into — superoxide and — 


KO, = KO, +0 
KO, + O=KO,+O,f 
proceed preferably at the boundary of the separate phases. | : 


It is possible that an analogous mechanism takes place in the decomposition of other metal oxides and also 
of salts of oxygen acids. We plan studies with the use of atomic oxygen to test this hypothesis. 


L, la. Karpov Physlochemical Research Institute. Received August 14, 1958 
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BORON ORGANIC COMPOUNDS 


ALLYL DERIVATIVES OF BORON 


B. M. Mikhailov and F. E. Tutorskala 
(Presented by Academician B. A. Kazanskil, July i1, 1958) 


Among the allyl compounds of boron only tially] boron fs known with certainty. The report of Rothstein 
and Saville (1) on the preparation of other compounds of this serles must be regarded critically, as will be clear 
from our further remarks. 


We have studied the chantant properties oftriallyl boron and aaa obtained from it a serles of new allyl 
Gerivatives of boron. 


The tially] boron which we needed was prepared by the action of allylmagnesium bromide on the etherate 
of boron fluoride in 68% yield. The preparation had a b. p. 155°, like the trlallyl boron obtained in 33% yield 
from tially] borate and allylmagnesium bromide (2) A. V. Topchiev and co-workers [3] obtained triallyl boron 
with a higher boiling point in the one stage addition ofa a mixture of allyl bromide and the etherate of boron 
fluoride to magnesium. 


The investigation showed that tially] boron had a considerably greater reactivity than the tially! com- 
pounds of boron. 


In distinction to 9 the latter, {t reacted with water at room temperature to form allyl boric acid, isolated as 
the anhydride 


+ 2H,0 = [GHB (OH):] 
In the first stage of the reaction diallylboric acid evidently formed and this underwent a further hydrolytic split 
ting at the boron-carbon bond. 


Triallyl boron reacted with alcohols at room temperature, When 1 mole of ota alcohol acted on it, 
it gave and diallyIborate 


(GcH,)B n- (His BOG Cotte 


The latter in turn could react with alcohols and so by the actioa of 2 molecules of alcohol on trially! boroa 
di-n-butyl allylborave was obtained , : 


(CH WB + 2n-C,H,OH = GHB 


By the action of methyl alcohol ontrlallyl boron at a ratio of reagents 1:1 was obtained, not the methyl 
estes of diallyl boric acid, but dimethyl allylborate and part of the original uially boron was recovered unchanged: 
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The esters of diallylbocic acid are bat unstable to warets when It acts on them In the cold they are hydro- 
lyzed to allylboric acid. 


Rothstein and Saville (1) claimed that when allylmagnesium bromide acts on boron fluoride with subsequent 
decomposition of the reaction product by water, the anhydride of diallylboric acid ts obtained. Since diallylboric 
4 ack, from which the anhydride could be obtained by distillation, is hydrolyzed by water into allylboric acid, then 
it is apparent that under their conditions these authors could not have obtained csis anhydride. 


Triallyl boron reacted easily with n-butylamine. The reaction occurred at room temperature and with © * 
equimolecular quantitities of reagent led to the formation of diallyl-n-butylaminoboron 


0 -C,H,NH3 = (C3H,):8 — NHC,H,-0-4 


We studied further the reaction between allylmagnesium bromide and trimethyl borate. If the reaction 
product was not decomposed by water, but after removal of the ether the residue was heated in a vacuum, then 
= some liquid distilled over. Fractional distillation established the presence in the distillate of dimethyl allylborate 
a and wiallylboron. After decomposition of the dry, bulky residue by dilute hydrochloric acid and esterification of 
3 the reaction product with allyl alcohol, we obtained diallyl allylborate. In another experiment, the product of 
‘ the Grignard reaction was decomposed directly with hydrochloric acid and esterified with n-butanol. As a result 
we obtained 2 45% yield of di-n-buty! allylborate 


B(OGH,), + CoH MgBr (OC His 


According to the data of Rothstein and Saville the reaction of allylmagnesium bromide and methyl borate 
(1:1) forms methyl diallylborate and a substance which boils at 110°/0.4 mm, which, in the opinion of the 
authors, is diallyl allylborate. It is known that the authors could not have obtained this compound, since they 
treated the reaction product with water, while the esters of allylboric and diallylboric acids are easily hydrolyzed 
to allylboric acid by it. We should say that the substance which the authors took for methy] diallylborate boiled - 
higher (190°) than our n-butyl diallylborate (b. p. 185°), and the dially] allylborate has a b.p. 82°/21 mm and 
not 110°/0.4 mm. 


There is interest in studying the reaction of allylmagnesium bromide with esters of metaboric acid, with 
which arylmagnesium bromides react to form diarylboric acids [4]. We showed that when allylmagnesium 
beomide reacted with n-butyl metaborate, with subsequent decomposition of the reaction product by water and 
and esterification by n-butyl alcohol we obtained dibutyl allylborate (24.8%) and a substance with b. p. 166°/2.5 


mm with the same elementary composition as dibutyl — but with double the molecular — The 
structure of this “dimer” was not worked out. 


EXPERIMENTAL 
All the operations were carried out in a nitrogen atmosphere. 


Triallyl boron. To an ether solution of allylmagnesium bromide prepared from 42.5 g (1.77 moles) of 
Magnesium, 70.8 g (0.58 mole) of allyl bromide, and 470 ml of absolute ether in a four-neck flask fitted with a 
stirrer, dropzing funnel, reflux condenser and inlet for nitrogen, was added over 50 min an ether solution of 20.3g 
(0.14 moles) of boron uifluoride etherate; the solution was stirred strongly during the addition. The reaction 
mixture was stirred and refluxed for 3 hours, then allowed to stand overnight. On the next day the ether was 
poured from the thick layer of salts and the residue was washed with 100 ml of boiling absolute ether. The ether 
was distilled from the combined extracts. The residue was page » avacuum, We obtained 12.7 g (68.1% of 
the theory) of triallyl boron with b. p. 44-46°/10 mm; 44° 0.7689; np 1.4500, 


- Found %: C 80,85; 80,74; H 11,37; 11,39; B 8,13; 8,09 
: Calcutated C 80,65; H11,28; 88,07. 


AllyIboric anhydride. To 8.6 g (0.064 mole) of triallyl boron, cooled to -60°, was added 1.15 g (0.064 
mole) of oxygemfree watcr in 4 ml of absolute tetrahydrofuran, with strong stircing and over 1.5 hours. Strong 
foaming occurred. Then the mixture was stirred for 30 min at rcom temperature, the tetrahydrofuran was distilled 
off, and the residue was distilled in a vacuum, We lsolated 2.64 g (61% of the theory) of allylboric anhydride 


e 
| 
: : 
org 
$80 
- 
ig 
the 


with b. p. 86.5-91°/7 mm. After repeated distillation the substance had b. p. 60.5-61°/3 mm, di’ 0.9318, nb 
1.4435, 


Found%: C 52,95; 52,97; H 7,19; 17,33; B 16,14; 15,72; M 186.8 
(C3H,80),. Calculated %; C 53,08; H 1,42; B 15,94; M 203,7. 


Allylboric anhydride is a mobile liquid which catches fire in alr and easily polymerizes when slowly distilled. 


Di-n-butyl allylborate. To 6.23 g (0.046 mole) of ulallyl boron was added over an hour il with strong 
stirring 6.84 g (0.092 mole) of absolute n-butyl alcohol; the solution grew warm. 3.2 g of propylene condensed 
in a trap cooled to -75°. When the eae mass was distilled we obtained 8.05 g (88.4%) of di-n-butyl allylborate 
with b. p- 98-100°/15 mm, dj" 0.8413, nf 1.4230. 


Found%: C 66,60; 66,56; H11,72; 11,65; B 5,03; 5,29 
Calculated %: C 66,58; H 11,70; B 5,45. 


The ester dissolved in benzene and ether and was easily hydrolyzed by water. 


n-Butyl diallylborate. To 8 g (0.059 mole) of triallyl boron was slowly added 4.48 g (0.059 mole) of absolute 
n-butyl alcohol. The reaction was accompanied by heating. Fractionation gave 5.9 g (60.2% ) of plete - 
borate with b. p. coe */71 mm. After further distillation, the ester had b. p. 61-62°/6 mm, di? 0.8092, niy 1.4303, 


Found %e: 72,68; 12,48; H 11,28; 11,48; 6,49; 6,45 
Calculated %: C 72,32; H11,53 B 6,51. 


The substance was soluble in ether and benzene; water hydrolyzed it to allylboric acid. 
In the experiment we also obtained 0.9 g (7.7%) of di-n-buty! allylborate (n (ny * 1.4230) ons ptopylene. 


Dimethyl allylborate. To 14.53 g (0.108 mole) of trially1 boron was slowly pei with energetic stirring 
+ $3.46 g (0.108 mole) of absolute methyl a The reaction mixture was distilled. 3.46 g of propylene condensed 
in the trap (-70°). 


When the distillate was fractionated, we nines as reaction products: 1) 3.9 g of cmeay tiie 
with b. p. 42-43°/60 mm (31.7% of the triallyl boron taken in the reaction), a° 0.8671, ny 1.4021. 


Found %: C 52,82; 52,70; H 9,68; 9,89; B 9,31; 9,28 
C5H,,80,. Calculated %: C 52,70; H 9,73; B 9,49. 


2) 3.5 g of triallyl boron, b. p. 76-80°/60 mm. 
3) A fraction amounting to 1.4 g with b. p. 117-119°/47 mm (not studied), 


Diallyl-n-butylaminoboron. To 6 g (0.048 mole) of triallyl boron was added over a period of 30 min 3.28 g 
(0.0448 mole) of n-butylamine. The mixture grew warm and frothed. Then the mixture was heated for 30 min 
at 100°. 1.2 g of propylene collected in the tea atte nesieaion we obtained 5.5 g (74.4%) of diallyl-n-butyl- 
aminoboron with b. p. 85.5-86.5°/17 mm, 0 .8338, 1.4697. 


Found %: C 72,83; 72,93; H 12,27; 12,00; B 6,06; 6,45 
Cyl, BN. Calculated %: C 72,74; H 12,21; B 6,55. 


The substance dissolved in benzene and ether and was easily hydrolyzed by water. 


Action of allyImagnesium bromide on trimethyl borate. To a mixture of 52 g (0.5 mole) of trimethyl borate. 
and 200 ml of ether, cooled to -75°,was added over 6 hours an ether solution of allylmagnesium bromide prepared 
from 42.5 g of mzgnesium and 70.8 g (0.58 molc) allyl bromide in 470 ml of ether. The reaction mass was stimed 
for 2 hours and then allowed to stand in a refrigerating bath overnight. 


On the next day the ether was distilled from the thick mass of reaction mixture and then the Hquid products 
were distilled off ina vacuum (18 mm). The condensate which peated in the trap (-70°) was fractionated; 
we obtained 3.9 g (6.8%) of methyl allylborate (b. p. 107-109°, n ny 1.4022) and 0.36 g of tially] boron, 


The dry residue obtained after distilling off the reaction products was decomposed with 400 ml of 3.5% 
hydrochloric acid, the ether layer was separated and the water layer was extracted with 200 ml of ether. After 
distillation of the ether, the residue was esterified with 200 ml of allyl alcohol. Aftcr distillation of the azeotropic 
mixture of allyl alcohal with water and the alcohol, the rcaction product came over. 
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substance had a b. p. 82-82.5°/21 inm, ty 0.8931, nD 1.4352. 


of the dimer of n-butyl allylborate with b. p. 165-166°/3 mm; dz" 0.8814; ny 1.4388, 


We obtained 26.3 g (31%) of dtallyt | with b. 81-84 */21 mm. After redistillation, the 


“a Found @: C 64,90; 64,81; H 9,22; 9,47; B6,27; 6,17 
Calculated %: C 65,10; H 9,11; B 6,52 


In the water layer we found 41.5% boric acid. 
In another experiment the reaction product was hydrolyzed with hydrochloric acid and then esterified with 
n-butanol. We obtained 45.2 g (45.6%) of di-n-butyl allylborate with b. p. 92-96°/11 mm (ni 1.4230), and 12.5 g 
(10.7%) of wibuty] borate with b. .p. 104-109°/11 mm. In the water layer we found 36.7% boric acid. 


Action of allylinagnesium bromide on n-butyl metaborate. To a solution of 0.93 mole allylmagnesium 
bromide in 725 ml of ether with suong stirring was added 46.6 g (0.155 mole) of n-butyl metaborate dissolved in 
$2 ml of benzene. At the end of the spontaneous warming, the mixture was boiled for 2 hours on an air bath and 
then hydrolyzed with 500 ml of 7% hydrochloric acid. After the ether was distilled off, the residue was esterified 
with n-butanol. We obtained 22.9 g (24.8%) of n-butyl anyone with b, Ps! yl 94°/9.5 mm and 17.6 g (19.1%) 


Found %: C 66,55; 66,90; H 11,51; 11,75; B5,48; 5,31; M 349,7 
(Cy,H,30,),. Calculated %: C 66,69; H 11,70; . BS,46; M 396,2. 


N, D. Zelinskii Institute of Organic Chemistry © Recelved July 11, 1958 


Academy of Sciences, USSR 
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ABILITY TO DISSOCIATE INTO FREE 
VES. THE QUESTION OF THE RELATION 
TO FORM FREE NITROGEN RADICALS 


THE STRUCTURE. PROPERTIES, AND 
S OF SOME HYDRAZINE DERIVATI 
ICAL STRUCTURE AND ABILITY 


RADICAL 
OF CHEM 
and Z. Iu. Kokoshko 


L. B. Radina, Z. V. Pushkareva. 
1956) 


(Presented by Academician I. N. Nazarov, November 20, 


the diary! nitrogens which are formed in the dissocia- 


previous communication 
ong to the class of free nitrogen radicals. 


As we have stated in a 
th the general formula ll bel 


tion of tetraarylhydrazines wi 


Hexaaryl ethanes 
x 


Electron donor substitu- 5 Electron acceptor substi- 
tion in the benzene ring rution in the benzene 


Diarylnitroges 
N-oxides 


led in detail by Wieland andcoworkers (2-S], but until 


known from the Htcrature about the contradictory 
traarylhydrazines 


911 and were stud 


e teason for the facts 


Radicals of this group were discovered In 2 
of the molecules of hexaaryiethanes (1), te 


now the question has not been settled as to th 
character of the cules for dissociation into free radicals 
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TABLE 1 


Half wave potential correspondin 
to reduction of the N-N bond in 
Name of substance hydrazines the dropping 10" 

In acetate buffeg|jin ammonia buf- 

pH 4.25 fer, pH 8.04 
Hydrazine -1,49 1,9 
Pheny Drydrazine 0,15 
Hydrazobeuzene 0,20 0,25 1385 
Tetrapheny lhydrazine -0,61 - — 0,82 1,27 
Pp» p’-Dinitrophenythydrazine — 0,93 0,97 
Tewa-p-nitropheny hydrazine —1,64 4,15 
p.p*-Dimethoxyhydrazobenzene —1,27 4,27 
Tewa-p-anisy hydrazine — 0,62 — 0,62 1,30 
Diethy lhydrazine 0,51 
Tewaethylhydrazine = 0,18 1,62 


v 


(ll) and diaryl nitrogen N-oxides (III) in relation to the structure of substituents in the benzene ring (X). The 
Fig. shows at a giance the interrelations between the nature of the substituting group and the ability to form 


free tadicals io a number of compounds of these types. 


electrode NIA 
Compound = é 
Trans-form Cis-form —_Intermediate 
O Nitrogen @ Hydrogen 


-1,27 


—0,61 


—0,62 


—0,if1 


—1,22 


atom atom 


Fig. 1, a and b—the N-N axis lies in the 
plane of the figure, c = the N-N axis Is 
perpendicular to the plane of the figure. 


formations, tendency to polarographic reduction, and 
the dipole moments for a specially selected group of 
substances of the di- and tetrasubstituted hydrazine 


In order to cast experimental light on the reasons 
behind these facts, we have studied the chemical trans- 


The cenwal position among the substances which we siudled are occupied by the so-called °niodel® substances, 
tetrapheny hydrazine (Il, X = Hf), which dissociates moderately into two molecules of diphenyl nitrogen, tetra-p- 
“nitrophenylhydrazine (II, X = NO,), which cannot dissociate into radicals, and tetra-p-anisylhydrazine (I, X = OcH,). 
which has au increased tendeucy to dissociate into free radicals, and also the substinuted diphenylhydrazines of the 


general formula 1V which correspond to them. 


--0,20 | | 
. 
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All these substances were synthesized by the methods described in the Mterature (2, 3, 5-10) except for 
tetraethylhydrazine which was obtained by direct oxidation of diethylamine with potassium permanganate, 


As the chicf methods of study we cliose polarographic reduction on the mercury dropping electrode, which 
allowed us to characterize the strength of the N-N bond, and the measurement of the dipole moments which 
answered the question of the spatial configuration of these compounds, , 


The results of the polarographic reduction of the hydrazine derivatives, measured ona Heyrovsky micropelare- 
graph In acetate and ammonia buffer solutions, > = given in Fig. 1. 


- The following basic observations were made as a result of the polarographic reduction of hydrazine derivatives. 


1) All substitutions of hydrazine hydrogens (mono-, di-, or tetra-) make reduction on the dropping mercury 
electrode easier. 


2) Among the diaryl-substituted hydrazines the introduction of an electron acceptor nivo group into the 
‘p-position in the benzene ring shifts the half-wave potential to the side of the positive values, that is, it makes 
reduction of the N-N bond easier. When an electron-donor methoxy group is introduced, the reverse Is found—a 
sharp shift in potential toward the negative values (Table 2). 


3) When we turn from the disubstituted hydrazines to ‘the tetrasubstituted ones, we find the effect of the 
substituents on the strength of the N-N bond Is unexpectedly changed: the presence of nitro groups in the p-position 
of the benzene ring, instead of making the reduction much easier, leads to a shift in half-wave potential toward the 
negative values, while the introduction of the methoxy group in the same position does not give the expected 
difficulty of reduction of the N-N bond on the dropping mercury electrode (Table 2). We can assume from these 
data that in the tetraarylhydrazines, as opposed to the diarylhydrazines, the electron-accepting nitro group and 
the electron-donor methoxy group are drawn away by some factor from their connection with the p-electron of 
the central nitrogen atom and do not show their usual electron-acceptor and electron-donor actions. 


in order to test this assumption experimentally for some of the compounds we measured the i moments. 
The measurements were made by the beat method in benzene st 25° (see Table 1). 


Comparison of the experimental values for the dipole moments with those calculated by the method of 
vector sums for the three different configurations of hydrazine which are shown schematically in Fig. 1, anda 
consideration of the spherical model of the molecule permit the discovery of some interesting facts. 


It {s shown that almost all these hydrazine derivatives, like the simplest hydrazines [11], do not have free 
rotation of the dipole with respect to the N-N bond and also it would seem do not have the most energetically 
favorable trans-configuration (Fig. 1, a). Consideration of the model molecule of tetraarylhydrazines shows that the 
feason for this is the spatial difficulty which occurs in both thecis-and trans-configurations, 


The spatial difficulty is particularly clear in the case of tetra-p-nitrophenylhydrazine (11, X = NO,). The 
dipoie moments calculated for the cis- and trans-configurations are 6.72 D -_ ° werey and the experimental 
dipole moment is 4.15 D. 


From this it follows that cis- and trans-configurations of the molecule are sega here (evidently here 
there is a considerable repulsive effect of the nitro group), and the only possible configuration of the molecule is 
the so-called “intermediate (Fig. 1,¢3 Ucaicg, = 4-10D). The presence of this configuration in turn almost 
completely excludes the possibiiity of p-x -combination (the axes of the clouds of p- and x -electrons are almost 
perpendicular). The result is that there is no effect of the nitro group as an electron-acceptor substituent on the 
N-N bond; the electron density remains the same as in the unsubstituted hydrazine and its reduction on the dropping 
mercury electrode occurs at a very negative potential (Ey for hydrazine = -1.36 vz Ey for tetra-p-nitrophenyl- ~ 
hydrazine = -1.22 v), while in p,p*-dinitophenylhydrazine the nitro groups make the reduction considerably easier. 


On this basis we can assume that the inability to dissociate into free radicals of tetra-p-nitrophenyIhydrazine 
is not connected at all with the fact that the electron-acceptor nitro group in tetra-p-nitrophenylhydrazine acts 
oppositely from its behavior in but 4s due to spatial factors which prevent -coinbination in 
the molecule, 


In the case of tetra-p-anisylhydrazine x there ts a which Mes between the full 
trans- and the intermediate (Hexp = 1.30D, Hetias. = 0.65 D). It {s analogous to the configuration of tetraphenyl- 
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hydrazine in the conditions of combination, The methoxy groups, because of steric factors, are prevented from 
combination, and so the value of the half-wave potential of these compounds §s almost the same (E4 of tetra- 
phenylhydrazine = 0.61; Ey of teua-p-anisylhydrazine = 0.62) while in the corresponding disubstituted 
pound (IV, X = OCH;) the methoxy group clearly shows its electron-donor action and makes the reduction on the 
dropping mercury electrode much more difficult, 

Thus, our results show that among the reasons for the contradictory effects of the same substituent on the 
tendency to dissociation Into free radicals In a serles of teuaary}substituted hydrazines (II) as compared to 
bexaaryl-substituted ethanes (1) the spatial factors have great importance. 

On the basis of generalizations from the experimental data on the physicochemical properties of these sub- 
stances and from the literature accounts of the chemical characteristics of the radicals of a setles of diphenyl 
pitrogens we can express the opinion that the earlier conclusions of the contradictory effect of the substituents on 
the stability of the free radicals in the triphenylmethy] and diphenyl] nitrogen series are not decisive, since they 
do not consider the significance of spatial factors, . 


S. M. Kirov Ural Polytechnic Institute Received October 25, 1956 
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OBTAINING VARIOUSLY SUBSTITUTED TRIACIDOTRIAMINES 
PLATINUM 


L. N. Essen 
(Presented by Academician V. I. Spitsyn, July 8, 1958) 


In our previous papers [1-4] we described methods of synthesis of five isomers (out of the fifteen theoretteally 
possible) with the composition (PyNH;C1BrINO,Pt). 


Working out methods for obtaining the other isomers of this composition was not of major interest, though 
they could give many new interesting data on the reciprocal effects of atoms in complex molecules. 


At the present time there is great Interest in establishing the presence of optical isomers for compounds of this 
type. However, the resolution into optical antipodes of complex nonelectrolytes (and all the compounds of this 
type which we obtained earlicr were nonelecuolytes) encounters great experimental! difficulty. The method of 
adsorption on finely divided quartz which is suitable in this case has noz found wide practical application. For this 
purpose it would be more suitable to synthesize the soluble differently substituted triacidotriamines of teuavalent 
platinum (a,4,43x,x,x;Pt)x and to attempt to resolve them by the usual method, the action of optically active acids. 


In this short communication are reported the results of experimental work on the synthesis of differently 
substituted triacidotriamines of tetravalent platinum. 


The preparation of these compounds was carried out in three stages: 


1) Obtaining differently substituted trlamines of divalent platinum. 2) Transformation of these into iamines 
_ Of tetravalent platinum. 3) Carrying out of substitution on the third coordinate. In carrying out this synthesis we 
took into consideration the literature data on getting asymmeuic salts of divalent platinum of the Cleve*type [5] 
and on getting methylamine and ethylamine compounds of platinum [6, 7} 


We succeeded in synthesizing two differently substituted trlacidouiamines of tetravalent platinum: 
[PyNH,EtNO,C1BrPt}Cl (Et = ethylamine, C,H,NH;) and [PyNH,MeNO,BrClPt Br (Me = methylamine, CH,NH). 


To obtain the first of these we began by obtaining the trlamine of divalent platinum [PyNH,EtNO,PrXcl by 
the reaction; 


For this purpose a sample of the salt (PyNH;CINO,Pt) was heated in water with ethylamine until a colorless 
solution formed; e:hylamine was added in small portions as a 50% solution. After evaporation of the solution 
there remained a colorless, slightly sticky, glassy mass, in which were long ceummiin crystals, After ueatment 
with ether this gave a white, crystalline powder, 


Found %: Pt 45,78; 45,48; Cl 8,56; 
H,0 1,82 gi 
ila H,O (molec. wt 426,8). Calculated %: Pt 45,74; Cl 8,32; 


HO 2,12 


® Translation of Russian - Publisher's note. 
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We obtained the trlamine by a simfiar process, 


As a starting substance foc the synthesis of differently substituted tlamines of teuravalent platinum we used 
the trlamine which contained the nitro group, (PyNH,EtNO,Pt)Cl, since on the basis of our earlice studies it was 
known that the introduction of a nitro group Into compounds of tetravalent platinum was especially difficult. The 
resulting triamine (PyNH,EtNO,PtJ]Cl was oxidized with chlorine. The oxidation occurred according to the equations 


a 


A change in the color of the solution occured with the oxidation: from colorless it became yellow and 
sometimes showed a slight precipitate. When the solution was evaporated, it gave a yellow, crystalline substance. 
As analysis showed, this substance was the chloride which contained water of 


gradually lost on drying. 


Analysis of the dry substance gave these results; ; 
Found %: Pt 39,66; 40,32; 40,11: 
Cl 22,72; 22,54 


[PyNH,EtNO,CI,Pr]Cl (Molec. wt 488,8). Calculated %: Pt 39,94; 
Cl 22,04 


The last stage in the synthesis was carried out by the reaction: 


A sample of the salt [PyNH,EtNO,C1,Pt)Cl was dissolved in water and heated on a water bath for a half hour with 
potassium bromide, taken in stoichiomeuic amounts. The color of the solution gradually changed: from light 
yellow it became bright yellow. After the solution had been concentrated and cooled, 2 bright-yellow precipitate 
came down; it was separated from the mother liquor, washed several times with drops of | cold water, and care- 


dried. 
Found %: Pt 36,99; 37,10; DCl+ 27,993 
(Molec. wt Calculated %: Pt 36,62; DCl+ Br 28,313 


Clouter 665 


The second differently substituted ictoctbontenten of ‘tetravalent platinum with the composition 
([PyNH,MeNO,BrC1Pt) Br was obtained as follows. To a weight of the diamine (PyNH,NO,BrPt) in hot water was 
added a 10% solution of methylamine in amounts required for the formation of a colorless solution. The solutioa 
was evaporated and from it a white, crystalline substance separated whose composition coresaperites to the formula 
[PyNH,;MeNO,Pr} Br. 
By analogor's methods from the diamines [PyNH,(NO,),Pt) and [PyNH,Br,Pt) we obtained the corresponding 
triamines [PyNH,MeNO,Pt}NO, and (PyNHMeBrPt) Br. 


As starting substances for further work we took the triamines [PyNH;MeNO,Pt] Br and [PyNH,MeNO,Pt]NO,. 
Solutions of these salt: were oxidized by bromine. The reaction went according to the equations 


; Py NO, Py NO, 


The outer-sphere anion In the starting compounds had practically no effect on the composition of the oxidation 
product; since the solution contained a considerable concentration of bromine fons, crystallization from it gave 
the bromide (PyNH;MeNO,9r,Pt) Br. Its composition was confirmed by analysis. 


Found Pt 32,67; 32,61; 32,90; 39,113 
Peer Brouter 13,45. 
{PyNH,MeNO,Br,Pt]Br (Molec. wt 607,9). Calculated Pt32,11° Briotay 396435, 
Brouter 13.14. 


The last stage consisted In replacement of onc of the bromincs in this compound on the Br-Pt-Br coordinate 
by chlorine. 


Based on the facts obtaincd earlier, we expected that because of the great coordination firmness of bromine 
it would be harder to carry out this reaction than the above-described replacement of the chlorine on the Cl-Pt-Cl 
coordinate. Actually, this was so. In order to obtain the needed tiacidotriamine by the equatioa 


fe 


Me 


. {t was necessary to take mote than the stoichiometric amount of potassium chloride and to carry out the reaction 
at higher temperature. As a result of the reaction we obtained a bright-yellow, crystalline substance. 


Found %: Pt 34,57; 34,44; DCl+ Br 34,55; 
34,27; Brouter 14,73 
(Molec. wt 563,5). Calculated %: Pr 34,64; ¢ Br 34,66; 
The preparation of the triamines (PyNH,EtNO,C1BrPt)Cl and (PyNH,MeNO,B8rC1Pt) Br offers the possibility 
of testing the coordination theory of resolution of differently substituted compounds of tetravalent platinum into 
optical antipodes. 
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THE STRUCTURE OF THE PRODUCTS OF ADDITION OF 
AROMATIC AMINES TO ZINC HALIDES 


A V. Ablov and T. 1. Malinovskil 
(Psesented by Academician I. I, Chernisev, June 26, 1958) 


There are two closely connected theories which attempt to explain the effect produced by ligands on the 
behavior of d-electrons of the central atom in elements occupying the middle of the first long period of the 
Mendeleev system. 


The first, also called the crystal-field theory, 
starts from the assumption that in the complexes the 
bond between the central atom and the ligand (ions 
and polar molecules) is electrostatic. It follows from 
the reasoning that the potential energy of the electrons 
in the degenerate d-state is changed In the electrical 
field of the ligand. In recent times this theory has 
been used for 2n explanation of the absorption spectra 
and stability of many complex fons. 


Williams [1] considers that this theory in its 
present form does not correspond to the actual assump- 
tions of the strength of the electrostatic fields formed 
by different ligands. A.V. Ablov and M. P. Filippov 
(2, 3] showed that the first absorption band in a complex 
Fig. 1. Projection of function of inter of uivalent cobalt of the type [Co en, (Amine)Halogen}X 

did not depend on the dipole moment of the aromatic 
atomic vectors of ZnCl, 2H,N CH, 

amine which contradicts the electrostatic theory of 
absorption spectra of complex compounds developed by 
ponding to vector Zn-Cl, No. 2 — peak P P ’ Pe 


corresponding to vector C1-Cl a (4, 5) on the basis of the theory of the crystal 


The second theory assumes that the bond in the complex has a partly covalent character. For the applica- 
tion of this theory it is possible to use the valence-bond method or the method of molecular orbitals, Van Vieck 
(6) considered binding and loosening states between combinations of o orbital of the ligand and d, -orbital of the 
cation. Griffiths and Owen (7) took into account, in addition, the x -orbital for thecase in which the cation is an 
acceptor. Detailed consideration of this question showed that with an increased number of unsaturated ligands in 
the complex, its -tability should rise. Williams [1] considers that binding of the d_ state can have a decisive effect 
on the form of the molecule,even in elements with a filled d-shell. For this reason the complex compounds of 
zinc with aromatic amines should have an octahedral structure. . 


These conclusions are not confirmed in compounds of divalent cobalt. Actually, while cobalt chloride 
dihydrate CoC}, + 2H,O (8) and the violet form of cobalt chloride dipyridinate CoC}, + 2Py (9) have a chain struce 
ture with the coordination number for cobalt of 6, the product of addition of p-toluidine to cobalt chloride, 


CoC}, 2p- HN + molecular lattice. In the molecule around the cobalt atom ate arranged two 
atoms of chlorine and two atoms of nitrogen (10, 11}, : 


: 
2 
12 
. 
j 
ed 
. 
891 
: 


These regularities correspond to space groups I*, a= Ch and1, 


Fig. 2. Graphic comparison of intensities @ of reflection of ZnCl, * 2p-toluidine (1) and 
CoCl,- 2p- toluidine. 


"It fs known that the diammonate of zinc chloride and cortespondingly, of zinc bromide, have a molecular 
crystal lattice where each zinc atom {s surrounded by two atoms of halogen and two molecules of ammonia in an 
apex-distorted tetrahedron [12} Ina molecule of dichlorodiammino zinc the Zn-Cl and Zn-N bonds are covalent 
with lengths 2.30 4 0.06 and 2.0 4 0.1 A respectively. 


Ir is particularly Interesting to explain the structure of the addition products of aromatic ‘amines and zine 
salts, For this purpose we studied the structure of the addition product of p-toluidine and zinc chloride ZnCl, °2p- 
H,NC,H,CH;. This compound was obtained by mixing slightly warmed solutions of anhydrous zinc chloride and 
p-toluidine in absolute ethyl alcohol. When the solution was cooled, colorless needle-like plates separated; they 
were washed with alcohol and dried to constant weight in a eianeumenl over calcium chloride, 


Found %: Zn 18,63; Cl 20,18 
ZnCl Calculated %: Zn 18,65; Cl 20,23 


X -tay structure study of these crystals was carried out in the usual way. The parameters of the monoclinic 
cell, determined in an oscillation chamber, were: = 12,4440.05 A, 624.784 0.02 A,¢=26.220.1 A, 8=93°30°230°. The 
density, determined by 2 pycnometer, was 1,52 which gives for the number of formula units in the elementary 

celln = 406 4, The density determined roentgenographically was 1.49, As a result of the indications of the 
X-ray plate we have established the following regularities ot extinctions 


rf Type of reflection Conditions under which this type 

hkl h k ea? . 
040 
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Further study was carricd out with X-ray plates obtained in a chamber for photographing the reciprocal 
lattice with Mo-K , imnination, The total number of reflections used with the development of hot, hig and 
hefwas 421, The jourveiies was cstimatcd visually, by the type of darkening, The value of F* was found from 
ealeutation of the kineniatle and polarization factors, On the basis of these data we constructed the two-dimen= 
sional for the first, and second layer Hnes 


Px (x, 2) C08 28 + 


(K - 9, 1, 2), On the projection the maxima 1 and 2 are clearly shown (Fiz. 1); thcy were identified with the 
veetors Zn-Cl and Cl-Cl, From an analysis of the two dimensional Fiupeties at the first and second layer 
lines Py (xz) and Py (xz),we established that the vector C1-Cl was parallel to the plane XOZ from which it follows 
that the chlorine atoms are connected with an axis of the sccond order, passing through the zinc atom, From a 
coinparison of the height of the peaks on the projection of the first and second layer Hnes (P,(xz) and P{xz) ) it 
was established diat the chlorine atoin is found at a height y/b= 0.3 relative to the plane in which the zinc atom 
occurs, The Zn-Cl distance is 2.35 # 0.05 A, This value cannot pretend to great accuracy In view of the 
method of projection of interatoinic vectors used, 


; The observed distance indicates preferably a covalent bond of the central atom with the halogen, the 
aine as in the structure of Co Cl,+ 2p-toluidine {11}. The similarity of the lattice parameters, agreement of 
space group symmetry and also the similar diagrams of interatomic vectors establish the assumption of the 
same structure for the products of addition of p-toluidine to zinc chloride and cobalt chloride, We constructed 
a graphic comparison of te inteasitics of cobalt chloride di-p-toluidine and zine chloride di-p-toluidine, As 
Fig. 2 shows, the intensities of both compounds have the same character of change from reflection to reflection, 
which confirins the same structure for these compounds, 


Hence ft follows that the structure of Cl,-2p-toluldine is molecular, The zinc atom Is in the center of 
ah almost regular tetrahedron, two apices of which are occupied by atoms of Cl and two by atoms of N. 


Thus replacement of ammonia by aromatic amines does not change the coordination number of zinc in 
compounds of the type ZnCl,- 2A, since this was found in the corresponding compounds of divalent cobalt, 


The authors wish to express their thanks to Corresponding Member of the Academy of Sciences Ia, K, 
Syrtkin for his discussion of the results, 


Moldavian Branch = Recelved June 23, 1958 
Academy of Sciences, USSR : 


LITERATURE CITED 
[1] R J. P. Williams, J. Chem. Soc. 1956, 8 
(2) A. Vv. Abloy and M. P. Filippov, Zhur. Neorg. Khim, 2, 42 (1957), 

{3} A. V. Ablov and M., P, Filippov, Zhur. Neorg, Khim, 2, 2390 (1957), 

[4} F. E, Ise and H, Hanmann, Zs, Naturforsch, 6a, 7511951, - 
{5} H, Hartmann and Schl3fer, Angew. Chem, 66, 768 (1954). 

[6] J. H. VanVleck, J. Chem, Phys, 3, 807 (1935), | 

(7) J. H. Griffiths and J. Owen, Proc, Roy, Soc, A, 226, 96 (1954). 

[8] BK, Vainshtcin, Doklady Akad, Nauk SSSR 68, 301 (1949), 

(9) J. D. Dunitz, Acta Cryst, 10, 307 (1957), 

G. B Bokil, T, Malinovskii, and A, V. Ablov, Kristallografila 1, 49 (1956), 

(11) T. 1. Malinovskii, Kristallografiia 2, 734 (1957),° 

(12) G. H. McGillavry and J. M. Bijvoet, Zs, Kristallogr, (A) 94, 249 (1936), 


* Original Russian pagination, See C, B, Translation. 


; 
- 
} 
Gate 
a 
893 


| 


{ 
a B bos 


STUDIES IN THE FIELD OF THE RADIATION CHEMISTRY OF 
ORGANOMETALLIC COMPOUNDS, GAMMA=-RADIATION IN THE REACTION 
BETWEEN METALLIC TIN AND ALKYL HALIDES 


L. V. Abramova, N. I. Sheverdina, and Corresponding Member K. A, Kocheshkov 


In the field of radiation chemistry there have been a number of studies of reactions under the influence 
of high-intensity radiation on water and aqueous solutions, Less attention has been paid to the reactions of organic 
compounds and to nonaqueous media, As far as we know, there have been no studies of process in metallorganic 
chemistry under the influence of such radiation, 


In the systematic study of this question in various directions, we have investigated the reactions of alkyl 
and aryl halides with different metals, and,as one example, the reaction of alkyl halides with metallic tin, a 
reaction which Is interesting from both the theoretical and the practical aspects*. 


These reactions can be shown by the general equation 


2RBr + Sn 
and probably occur by a more complex mechanism (see below); they do not take place at ordinary tempera 
ture, It requires a relatively high temperature for them to occur (200° {1}. 300-350 (yee. ° 


Because of the severe reaction conditions, the final product is contaminated with, considerable amounts 
(up to 25%) of R;SnX,etc. Whilesealed vessels must be used here, strong explosions may occur [1] because of the 
accumulation of gaseous products, : 


Also, as Van der Kerk and Luijten showed (5), this reaction is limited to the lower alkyls (methyl, ethyl). 

. When n-butyl bromide and tin are heated to 180° for several hours, the substances do not react vapors of n-butyl 
bromide passed through molten tin give the same negative result; finally, as distinct from the preparation of 
methy] silicon or methyl germanium compounds [2], passage of the vapors of n-butyl chloride over a copper-tin 
alloy at 300° leads only to the formation of butene, tin chloride, and other nonmetallboorganic compounds, 


Therefore the organic salts of di-n-butyl tin, such as the maleate or the laurate, which have the greatest 
effect in stabilizing vinyl chloride plastics, were obtained by these authors by a roundabout — by dis- 
of tetraalkyl tin compounds by the method of Kocheshkov (6} 


Although the yields here were nearly quantitative, it was first necessary to obtain tetrabutyl tin, 


Hence, ir fs interesting to find a new path for direct preparation of the alkyl tin dihalide which would 
‘permit formation at ordinary pressures and temperatures and would use a new source of energy. 


Therefore we set up the problem of studying the reaction of alkyl halides with metallic tin when they are 
irradiated with y-rays, As the data given below show, the reaction between alkyl bromides and tin occurs at 
ordinary temperature and reaches a yield of 55 moles per 100 ev. (based on the alkyl halide), 


*Tin “Tin organic compounds of the type R,SnX3 have been described in the literature as aabllizer for vinyl chloride 
plastics (3) and also as catalysts in obtaining polyesters (4), 

© ¢ Only with the alkyl lodides, which arc of little practical Importance, can there be a reaction in sunlight 
(Cahours, 1860)(with partial decomposition at the same time and formation of fodinc), 
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Orlyinal color without turning brown, forming tars, or fuming (hydrogen bromide), It had a weak odor of R,SnX 
(which, as is known, fs a very considerable contaminant in the thermal process), The tin, which had agglouerated 
into a dense mass, was washed several times with low boiling (~40°) petroleuin ether and the petroleum cther 
washings were added to the main filtrate, After the ether and unreacted butyl bromide had distilled off, ue 
Uquid di-n-butyltin dibromide remained, It was {dentified by transformation with ammonia into the oxide, and 
then by hyurochloric acid into the corresponding dichloride, b. p. 40°(5}; according tothe literature di-n-butyltia. 
dichloride lias b, p. 40.5, The yield (calculated on the bromide taken) reached 55 mole per 100 ev. 


Reaction of tin with n-propyl bromide or ethyl bromide under y -ray frradiation, Using analogous ratios of | 
reagents and reaction conditions, we irradiated mixtures of n-propyl bromide and powdered tin and formed di-n- 
Ppropyltin dibromide, After the usual treatment of distillation of petroleum ether and unreacted bromide, and 
cooling, we obtained a crystalline substance which, after recrystallization from n-hexane, melted at 48°; accord- 
ing to the lteraturc, 49% [8]. 


As in the previous experiment, the reaction mixture after Irradiation had almost no contamination with 
tri-n-propyltin bromide, did not fume, and showed no signs of tarring, Yields are in Table 1, 


When a mixture of 4 cc of ethyl bromide and 33 g of tin was irradiated as described above and treated In 
the usual way, it gave diethyltin dibromide with a yield of 38 mole per 100 ev (integral dose 50-10* 9), After 
the usual treatment we obtained 4,4 g of diethyltin dibromide with m. p. 63°; according to the literature, 64° {1}. 


It was also of soine interest to study the relation of the dibromides which were obtained to irradiation, A 
small amount of pure diethyltin dibromide or di-n-propyltin dibromide was irradiated with y-r1ays, At integral 
doses of 30- 10°g nonoticeable decomposition occurred. The melting point remained unchanged, 


Ultraviolet illumination of a mixture of ethyl bromide and tin, A mixture of ethyl bromide (or n-propyl 
bromide) with excess tin powder was irradiated in a quartz ampule for 50 hours at 50° by a quartz lamp at a 
distance of about 20 cm from the source, After the usual treatment we could not find any organotin compound, 
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CIS-TRANS ISOMERIZATION OF NATURAL RUBBER UNDER THE INFLUENCE OF 
ALUMINUM ORGANIC COMPOUNDS AND TITANIUM TETRACHLORIDE 


Corresponding Member B. A. Dolgoplosk, E. N. Kropacheva, and K. V. Nel’son 


As is known, the Ziegler catalyst In recent years has become very valuable for the synthesis of polymers 
with regular structures, especially cls-poly-{soprene [1-4]. Destruction of the structure of the chain by forma- 
tion of trans-links has been connected up to now only with the effects of the physical and chemical characterise 
tics of the catalyst on the nature of the combinations of the monomer (diene) during polymerization, In the pre= 
sent work it {s shown that destruction of the regular character of the structure can be caused by isomerization 
of the cis-bonds in the already formed chain into trans-bonds under the influence of substances which are used 
to stimulate polymerizztion, Attempts to isomerize natural rubber into gutta percha under the {influence of 
L ultraviolet light or fodine (5) did not produce the desired effect. Ferri[7) first showed that under the influence 

— Of zinc chloride and titanium tetrachloride natural rubber undergoes changes which, according to the results of - 

X-ray analysis, are accompanied by disappearance of the crystallization effect when the resin Is stretched, | 


On the basis of these results the author concludes that under the influence of such agents there {is fsomeriza= 
tion of the cis-bonds of the natural rubber polymer chain into trans-bonds, 


TABLE 1 


Isomerization of Natural Rubber under the Influence of TiC, and Aluminum Organic 
Compounds at 90 and a Rubber Concentration of 2%, : 


Conteat Structure by infrared 
merizingjof reac- | tion, & of 
Isomerizing agent, tion, theory 3 «| 3,4 12 
wt. % of [hours isc 
rubber G 
| = 99;995} 9 | 3] 2] 0 
2 10 19 86.5; 87 6 | 3 2 0 
3 TiC, 10 10 84; 85 | 67 | 32 1} 0 
4 TiC, 10 10 Not deter-] 63 29 2 
| mined : 
5 TiC, 10 U1,5; 65,1] 13 3 
6 Tic, 10 i 75.4; 72,8] 74 2i 4 | 
7 in 29 68.5; 64,5] 44 | 4 
8 AMIEt 10 10 65; 65,5] 58 40 2 0 
9 AIEt, 10 40 89; 85,4} 49 47 2 2 
in. 10 83; 81 69 30 i 0 
10 Ethyl di-{2phenyle 
butyljaluminum 10 10 70; 74 43 | 54 2] 1 
11 | Trilsobutylaluminum 
‘The first fsomerization of a cis-1,4-bond into a trans-bond in polybutadiene under the influence of esl 
ultraviolet light in the presence of organic compounds of bromine or sulfur was carried out and described by ie 
_Colub(7}, In natural rubber the analogous formation of trans-bonds under these conditions was not found, 5" 
A study of the fsomerizing effect of TICly and aluminum organic compounds was carried out by us on 
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Fig, 1, Infrared absorption bands ar dif 
ferent content in the polymer chain of 
cls-trans configurations, 1— natural 
rubber (NR} cis 95%, trans 3%; 2— 
fsomerized NR, cis 69%, trans 39%; 3— 
fsomerized NR, cis 44%, trans 51%; 4=— 
fsomerized NR, cis 13%, trans 78%, 


$. V. Lebedev All-Union Research Institute 
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lutions of milled natural rubber (NR) In benzine tn sealed glass ampules, The benzine was dried before use and 
distilled over sodium, All the work was carried out In an atmosphere of dry argon. For — sample we detere 
mined the unsaturation and the microstructure of the chain, 


The study of the microstructure of the polylsoprene was carried out by infrared spectra; the relative cone 
tent of the different bond configurations of the polymer chain was determined by absorption in the region 800- 
1000 cm™!, We used the method worked out earller by one of us (8). The results of the quantitative investigation 
of the microstructure of the Initial NR samples and the samples submitted to the action of lsomerizing agents 

are given In Table 1, where we show the content of cls-1,4; trans-1,4; 1,2; and 3,4 wangutios calculated 


on the concentration of links with the double bond C = C, 


It follows from these data that the components of the Ziegler catalyst used for carrying out t the polymerization 
(TiC, AlR;, AIR,Cl) have an fsomerizing effect on the chain of natural rubber, 


was shown that the number of trans-Links increased 
with increasing concentration of fsomerizing agent 
and duration of the reaction, 


The decrease {n unsaturation {s connected with the ability of the above-mentioned compounds to combine 
with the C=C bond, This ts evidently preceded by the formation of an unstable complex which can spit with 
regeneration of the starting substance, Isomerization can proceed in this intermediate stage 


Addition reaction Cex C+ AX 


with isomerization 


of double 

We have established that in the case of ethyl aluminum dichloride the natural rubber undergoes a deeper, 
secondary change: ‘the process gocs to the formation of an insoluble, high melting, amorphous powder, An 

analogous effect is found when a greater quantity of TiCly Is used (100 wt, % of the rubber), 


In the example with titantum tetrachloride ft 


The effect of lsomerization of polylsoprene which 
we observed {fs clearly {Lustrated by the curves of Fig, 1 
where we give the infrared absorption bands which core 
respond to different contents of cis and trans-links, 


Since the molar ab<orption coeffictent K for the 
clselinks at ¥=839 cm™ fs 52 and for the trans-links 
at the same point In the spectrum It Is 22, then the ree 
lative decrease in intensity of the absorption bands, 
which depends on the cis-trans-configuration with the 
same concentration of Links of the double bond C=C, 
at once characterizes the decrease in content of cls= 
links In the polymer chain and the i i in- 
crease in trans-Links, 


The fsomerization processes which occur under 
the influence of these agerts are accompanied by a 
decrease in the unsaturation of the polymer, The cone 
siderable decrease in unsaturation while the polymer 
keeps its solubility evidently depends on a process 
of cyclization in the chain, as was observed in one of 
our investigations, 
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DETERMINATION OF COMPOSITION AND STABILITY CONSTANT OF 
COMPLEX LEAD CHLORIDES FROM EXPERIMENTS ON THE DISTRIBUTION OF 
THE RADIOACTIVE ISOTOPE BETWEEN PRECIPITATE AND.SOLUTION 


K. B. Zaborenko, 1. V. Kolosov, and V. V. Fomin 
(Presented by Academician V. I. Spitsyn, July 12, 1958) 


V. G. Khlopin and his school have shown [1) that In the distribution of microelements between precipitate 
and solution of isomorphous. compounds of the macroelements it is possible to attain a true thermodynamic 
-equilldrium. 


We will consider co-crystallization as a reversible reaction of exchange of fons with the same valence: 


Mint Myo Miia 
- The equilibrium constant of this reaction Is 


In this equation, m {s the microelement, M the macroelement. The suiscript shows the phase (solid and 
liquid) In which the ions oceur; the square brackets give thelr activities. However, if the concentration of the 
microelement in the solid phase is small and the fonic strength of the solution is kept constant, then the total 
activity coefficient has a practically constant value. Therefore, in place of the activity we can take the concen- 
tration, including the whole activity coefficient in the equilibrium constant. Equation (1) {s also applicable to 
the case of distribution of isomorphous fons of the microcomponent between the surface and the solution (primary 
fomexchange adsorption). 


V. G. Khlopin showed [1] that the presence In the water solution of fons which form complexes with one of 
the elements m or M causes a change in the “distribution” constants, In the remainder of this paper we will call 
the distribution constant the value which is obtained by calculation according to formula (1) where instead of the 
equilibrium concentration are put the concentrations determined by experimental analysis, 


The change in distribution coefficient depending on concentration of complex-forming {on is shown when fon 
complexes occur in solution, An example of such an effect {s given in the work of V. G. Khlopin and A. P, Ratner 
(2), and of Kading {3}. In the latter case it can be shown that the change in D is determined basically by the 
change In activity. 


We have worked out a method of calculation for determining the composition and stability constant for 
complex fons. We have studied the distribution in the systein S:SO,g-Pb?4-SO,-HCl. The experiments were 
cartied out by well-known methods developed by V. G. Khlopin and his students [1, 4, 5}. If the experimental 

data are expressed by ~ formula © 
| 
yi-x 
(where x and y are the amounts of etter and macrocomponents in the persia’ -x and 1-y, the corresponding 
amounts In the solution) then in the absence of complex formation, Dg = Ks In the presence of complex forma- 
tion, if the analytical concentrations are used in formula (2), then the distribution coefficient 1s a function of 
the concentration of the complex-forming fon, The calculation is considerably simplified if the macrocomponent 


Rech 
Es 
90 


TABLE 1 


HC1 concen -/SiSO, solubl- 
tration®, lity, g/liter p* 
mok /liter ci ac 
0,01 1,93 0,23 63 mole /liter 
0,05 1,90 0,11 52 
0,10 1,86 0,09 31 ; 
0,20 1,81 0,09 17 
0,40 1,75 0,09 8 
0,50 1,74 0,08 8 does not form a stable complex compound with fons 
2,00 0,08 4 of the complex former, and also basic or acid salts 
4 and complex fons do not enter the lattice of the 
maczocomponent compute, When equilibrium Is 
reached in our Pb** li q + StSOxo) = 
(Pb** 


It was shown that strontium ions do not form stable eat compounds with chloride fons, In the presence 
of chloride fons which form complexes of the type [PbC], FJ, the distribution coefficient D will differ from the 
equilibrium constant Dg, since instead of the Pere a the ion [Pb**}, which should be in equation (3) 
there will be the analytical concentration, equal in this case to Cop = (Pb**} (1+ rB,{Cl- }), where Bs is the 


stability constant of the corresponding complex ion PoC I 


Therefore the distribution coefficient 


D= 


Ir is clear that the basic equation (5) for calculating the composition and stability constant of the complex 
compound by use of the distribution law 1s analogous to the known equation for ion exchange and extraction. For 
determination of J and gy it is necessary to obtain the relation of D to the concentration of complex-forming sub- 
stance at constant fon strength of the solution, The treatment of the sate data can be cartied out by a >. 


the known methods [6-9], 


EXPERIMENTAL 


First we determined the solubility of strontium sulfate labeled with $* in solutions which contained HCl 
and HC1O, at different ratios with lonic strength equal to one. As kinetic experiments showed equilibrium “from 
below® was established sufficiently rapidly, in 30-40 min (at a rate of stirring of 1300r. p. m.)- We did not suce 
ceed in establishing the solubility “from above® since we obtained a very supersaturated solution and the supersas 
turation was not eliminated for several days, Therefore, for a solution of the basic problem, we studied the distri- 
bution of Pb’” between the surface of the precipitate and the saturated solution of given composition, 


When we used equations (2) and (3) for the priniary exchange adsorption,the concentration of (S1SO,),,) was 
proportional to the weight of precipitate, which was correct when we used a repeatedly recrystallized suspension, 
(SrSO,],,) = kys the proportionality coefficient k can be cotnbined with the constant Dy then Dk = D®, 


| 


_ All the experimental data given in Table 1 were obtained as averages of 4-7 determinations, The mean 
square error for the solubility values and D® did not exceed 4.5 and 10%. From the data of the last column we 
constructed the relation of 


to the concentration. of 


According to equation (5) this function should be Increasing. Analysis of the resulting curve showed the 
presence of a side process as a zesult of which the value of D® fell more slowly than would follow from equation 
(5). This can be explained by secondary adsorption of the negatively charged lead ions of the suspension, con- 
taminated In the acid solution by positively charged ones. This was confirmed by special adsorption experiments. 
However, in the field of small (C1”) concentrations where adsorption of the negatively charged complex fons can 
be neglected, It becomes possible to calculate the primary constants, Extrapolation of the curve (Fig. 1) to its 
intersection with the ordinate gave By = 65 4 93 the hectmae, value does not differ from that given in the litera- 


ture [10]. 
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A CHEMICAL METHOD FOR HOMOGENIZATION OF CELLULOSE ACCORDING TO 
MOLECULAR WEIGHT 


_ 1. Ivanov, B. A. Zakharov, A. Krylova, and N.G. V*iunova 


(Presented by Academician V, A. Kargin, July 11, 1958) 


In a previous communication (1] we confirmed experimentally our theoretical assumption cf the close. 
connection between strength of cellulose samples and homogeneity in chain length of the cellulose. Calculations 
of viscosity showed [2] that homogeneity was also Important in the viscosity behavior of concentrated cellulose 
solutions. In this connection it became intezesting to evaluate different chemical processes used in the treatment 
of cellulose from the point of view of homogenization. From the literature data we can conclude that present day 
processes of digesting (3, air or chemical degradation (4, 5), bleaching [3] or hydrolysis with hydro- 
chloric (6) or sulfuric acids do not give effective homogenization of cellulose. 


500 
Fig. 1. Mass distribution function, 1 — Cotton cellulose accord- 
ing to Timell (11), 2 — initial cotton cellulose prepared accord- 
ing to Corey and Gray, 3 — cotton cellulose treated with dilute 


nitric acid, 4— cotton cellulose treated with dilute hydrochloric 
acid, 


Experiments on the absorption by cellulose of acids from water solution were cared out with cotton cellulose — 
(prepared according to Corey and Gray) and wood cellulose (cellulose sulfate obtained by the method worked out 
in the Institute of Organic Chemistry, Academy of Sciences, USSR), Treatment with nitric acid was carried out 


at 92° with a conceritration of 0,2 N for 1 hour for cotton cellulose and 30 min for wood cellulose, Cotton cellulose. 
was treated under the samc conditions with hydrochloric acid, 


The homogenizing effect was Judged by the mass disteibution fined calculated from the data of some - 
Improved standards [8] of fractionally precipitated cellulose trinitro esters. The degree of polymerization (P) was 
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calculated from the data on viscosity of dilute solu- — 
tions of trinitro esters in ethyl acetate, using the 
equations of Huggins [9] and Newman, Loeb and 
Conrad [10]. 


The experimental results are given in Txbles 1 — 
and 2, The cotton cellulose prepared in our laboratory 
(Fig. 1, 2) and also that prepared by Timell [11] (1) 
have high molecular-weight heterogeneity. The cot- 


3 Fig. 2. Mass distribution function. 1— 
| Wood cellulose treated with dilute nitric 
: genization (4), while the action of nitric acid {s accom- 


acid, 2 — starting wood cellulose sulfate, 

treated by the method of Inst. Org. Chem., panied by high homogenization (3), 

Acad. Sci, USSR. The treatment of the wood-cellulose sulfate by 
the method of the Institute of Organic Chemistry pro- 
duces physicochemical homogenization of the cellulose 

with a maximum on the mass distribution curve at P = 850 (Fig. 2, 2), The action of nitric acid on this cellulose 
_ foe 30 min also gives homogenization, but the maximum on the mass distribution curve Is shifted gaenty to the — 
side of the low molecular-weight range and occurs at P =220. 


These results allow us to conclude that teatment of cellulose with dilute nitric acid can serve as a method 
of chemical homogenization of cellulose by chain length. A corresponding choice of conditions for combined 
chemical and physicochemical homogenizaion (concentration, temperature, duration) can give a high degree of 
homogenization at any desired degree of — which corresponds to strength of the different types of 
cellulese (fibers, paper, film). ’ 


Received June 20, 1958 
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THE CATALYTIC REACTION OF ALKYLDICHLOROSILANES WITH - 
HALOGEN-SUBSTITUTED BENZENES 


G.N. Mal’nova, E. P. Mikheev, A. L. Klebanskii, and N. P. Fillmonova 
(Presented by Academncian B, A. Kazanskii, July 14, 1958) 


The reaction of alkyldichlorosilanes with halogen-substituted benzere has been very briefly mentioned in 
some patent literature. According to one patent [1], in an autoclave at 450° without a catalyst, methylphenyl- 
dichlorosilane is formed from methyldichlocosilane and chlorobenzene according to the equation: 


4 (GU) SiC: - HAL. 


The same substances react differently in the presence of AICI, or BCI, (2): in an autoclave at 150-300° occurs 

formation of methylchlorophenyldichlorosilane in about - yield froin a charge of methyldichlorosilane accord- 

ing to the scheme: 
catalyst 


CIGH, 


We have studied the catalytic reaction of methyldichlorosilane with chlorobenzene and fluorobenzene, and 
of ethyldichlorosilane with chlorobenzene. 


In the present paper we have used boric acid as the catalyst, or, more correctly, as the substance from 
which the catalyst is formed; before the beginning cf the main reaction it reacts with the alkyldichlorosilane 
with evolution of hydrogen chloride and formation of a compound which is soluble in the reaction mixture and 
which contains the bonds = Si-O 


We were convinced by the study of the catalytic reaction of alkyldichlorosilanes with benzene (3) that the 
use of boric acid for arylation of the Si—Hbond by the reaction 


catalyst 


was more satisfactory than the use of other Catalysts because of the great availability of boric acid, the convenience 
of its application, and the adcqiate catalytic activity of the product of its reaction with chlorosilanes. 


The experiments on the catalytic reaction of ‘alkylWichlorosilanes with halogen-substituted benzenes were 
carried out in a stainicss steel autoclave with a capacity of 0.6 liters, The autoclave was filled to 56-60% of its 
volume with the starting inixture, to which boric acid was added, After the autoclave had been hermetically 
sealed it was placed in a heated oi] bath. The temperatures in the autoclave reached a constant value after 20-40 
min, The reaction mixture was heated at this temperature until increase In pressure stopped, and then heated 


= 
. 
“ 
: 
. 
900 
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15-20 min longer. At the end of heating, the auto- 


TABLE 1 
Tricld out clave was removed from the bath and cooled to room 
- SiC. mperature. The gaseous reaction ucts were 
Sa | collected in a gasometer and the liquid product was 
=e & 4 fied on a column with the effectiveness of 14 
& theoretic.1 plates. The low boiling fraction was distilled 
260 18,6 24,8 24,8 80,8 at atmospheric pressure, and rectification of the high 
270 17,1 21,2 19,6 16,8 boiling product of the reaction was carried out in a 
285 16,3 | 18,7:. 12,8 15,0 vacuum. 
Because of the great thermal stability of the 
TABLE 2 halobenzenes, they were used in excess, which had a 
: - _ favorable effect on the yield of alkylhalophenyl- 
Starting Minimum nicer at ~~ dichlorosilanes. We took as the optimum molar ratio 


aromatic tempera acid of alkyldichlorosilane to halobenzene, 1:3. A number 
compound of of of experiments showed that the addition of 0.3% of the 
7 ; weight of the reaction mass of boric acid was the 


Benzene 2402 5 0,1 40 optimum. A larger amount of boric acid greatly 

Chloroben- hastened the disproportionation of the alkyldichloro- 
“yene 2503 5 0,3 24 silane; a smaller amount did not assure a fast enough 

Fluoroben- reaction; in both cases the yield of alkylhalophenyl- 
zene | 25525 0,3 18 -  dichlorosilane fell, 


The reactions of methyl- and ethyldichlorosilane 
with chlorobenzene. In the autoclave we placed 101.2 g 
of methyldichlorosilane, 298.8 g of chlorobenzene, and 1.2 g of boric acid, or 111 g of ethyldichlorosilane, 287 g 
of chlorobenzene, and 1.19 g of boric acid. The temperature required to initiate the reaction of methyldichloro- 
silane with chlorobenzene was 255°. After 20 min from the start of the reaction it was permissible to lower the 
temperature by 5° without notable chang: in rate of the process. The temperature of the reaction of ethyldichloro- 
silane with chlorobenzene was 10° higher. These temperatures were optimal, 


In Table 1 we give the relation of yield of ethylchlorophenyldichloros!lane to temperature of the synthesis. 


When methyldichlorosilane reacted with chlorobenzene under the conditions described, we obtained a reac= ~ 
tion mixture of the following composition: - 6% unchanged methyldichlorosilane, ~ 7% methyluichlorosilane, = 
dimethyldichlorosilane, 60% unchanged chiccobenzene, ~ 4% of an intermediate fraction, with b. p. 

44-128°/29 mm, - 10% methylchlocophenyldichlorosilane, and ~ 5% products in the still residue. The gaseous © 
teaction products, formed in the amount of 0.32 g-mole per 1 g-mole of taken methyldichlorosilane consisted — 
of 86.5-87.S% hydrogen, 9-10% methane, and 0.7-1% hydrogen chloride. When the reaction mixture was recti- 
fied, the fraction of inedeyiinre honorees a mixture of o-, m-, and p-isomers, had b. p. 232-2388 
1,2920 1.2965; nj) 1.5338 1.5342; MRp found 54.09-54.26, calculated 54,08 
Found %: hydrolyzing Cl 31.21-31.97 
Calculated %: hydrolyzing Cl 31.43. 

The isomers were contained in the {solated fraction of methylchlorophenyldichlorosilane in the following 
ratio: ortho 20%, meta 45%, para - 35% The yield of was 24% of the 
reacting methyldichlorosilane; in a larger autoclave the yield reached 27%, : 


In the reaction of ethyldichlorosilane with chlorobenzene under optimum conditions, we obtained # mixe. 
ture which contained: = 7% unchanged ethyldichlorosilane, - 5% ethyitrichlorosilane, - 2% diethyldichlorosilane, 
© 60% chlorobenzene, 4% intermediate fraction with b. p, 37.5-135.5°/18 mm, 9.6% ethylchlorophenyldichlo- 
rosilane, and about 6% of products which remained in the distilling flask, The gaseous reaction products, which 
formed in the amount of 0.32 g-mole per g-mole of ethyldichlorosilane put in the reaction, contained 90% hy- 
drogen and S%ethane, The fraction of the reaction mixture isolated by rectification and which contained the o-, 


©The ratio of isomers in the methythalophenyldichlocos!lane fraction was determined by the method of eontnine 
tion light scattering by K, K, Popkov, for which we express thanks, 
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m-, and p-isomers of had a b. p. 255-258"; 1.2592 — 1,26215 1.5298 
1,6317; MRp found 58.76-58.83, calculated, 58.71. 


Found %: hydrolyzing Cl 29. 91-30.36 
Calculated %: hydrolyzing Cl 29.59 


The yield of ethylchlorophenyldichlorosilane reached 25% on the reacting ethyldichlorosilane. 


Reaction of methyldichlorosilane with fluorobenzene. We placed in the autoclave 100 g of methyldichloro- 
silane, 250 g of fluorobenzene, and 1.05 g of boric acid. The minimum temperature required for starting the 
reaction was 255-260"; it was also the optimum. A$ a result of the reaction under the above conditions there was 
formed: a mixture of liquid substances which contained - 8% methylfluorophenyldichlorosilane, and gaseous 
‘products, in the amount of 0.35 mole per g-mole of methyldichlorostlane put into the reaction, which contained 
83-86% hydrogen and 12-14% methane. : 


The liquid reaction product was separated by rectification to give a muixtase of o-, m-, and p-methyl- 
fluorophenyldichlorosilanes with b. p. 196-199.7°, 1.2438 — 1.2492; ni) 1.4960 — 1.4998; MRp found 
49.06-49.32, calculated 49.27. 


Found %: Cl 33,66-34,20 
- Calculated %: Cl 33,91 


The ratio of isomers In the fsolated fraction of methylfluorophenyldichlorosilane was: ortho, ~ 25%, meta, 
~ 60%, and para, ~ 15% The yleld of methylfluorophenyldichlorosilane was 18% of the — methyldichloro- 
silme. 


The conditions for reaction of methyldichlorostlane with benzene and {ts halogen substitutents, and also - 
the yield of reaction products, are given in Table 2, and indicate that in this reaction there {s a regular decrease 
in reactivity of the benzene ring when hydrogen {s replaced in it by an atom of halogen. The tendency to te- 


duced reactivity fs stronger, the greater the polarity of the halogen. 


Recelyed July 10, 1958 
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THE REACTION OF ALKYL RADICALS WITH NITROGEN DIOXIDE 


I. V. Patsevich, Academician A. V. Topchiev, and V. Ia. Shtern 


According to the present ideas of the main elementary process In gas phase nitration of alkanes there $s 
teaction of the alkyl! radical R with NO). It is assuined that this occurs by two parallel paths, with formation of 
a nitrocompound and an alkyl nitrite 


(1a) 
(1) 


Further transformation of the alkyl nitrite is usually considered the source of the oxidation and destruction 
of the paraffin chain which actually occurs in the nitration product. It {s assumed that the first event in the trans= 
formation of the alkyl nitrite is its decomposition according to the equation 


HONO. ——- RO +NO (2) 


Such a decomposition may occur thermally {1}, or, as Gray assumes [2],at the moment when the alkyl 
nitrite is obtained by equation (1b). Gray explaines this rapid decomposition by the fact that in the formation of 
the R'CH,-O-N-O bond 57 kcal/mole of energy is evolved, and for breaking the R'CH,O-NO bond only 37 kcal 
mole is required, The alkoxyl radical in its further transformations gives such oxidation products as aldehydes, 
Co, CO3. Also, by reacting with NO it can give a nitrite by eee —_ 


RO +NO ——- RONO. (3) 


These ideas of the mechanism of nitration are apatites and have never been tested directly by experl- 
ment, In the present work we have studied directly the reaction of R with NO, at low temperature, when thermal 
changes in intermediate and final products have been excluded, This {s possible since NO;, with an unpaired 
electron, 1s a molecule which resembles a radical and the reaction of R + NO; goes easily at low temperature, 
The purpose of the work was to show whether there were in fact the two pathways (1a) and (1b), to obtain data on 
the further behavior of RONO, and to determine from the relationship of amounts of RNO; and RONO formed to 
temperature,the difference in energy of activation (AE) and the ratio of the steric factors f; and f, of these path- 


ways 


“ERONO” 


The alkyl radicals were obtained by reaction of hydrogen atoms with C,Hy. A stream of molecular hydrogea 
which contained H atoms was passed from a discharge tube into the reactor, where two inlets admitted C,H, and 
NO. The distance from the point of introducing C,H, to the inlet for NO, could be changed and oe the poins 
where the radicals R meet the NO, along the tube could be changed, 


In the products from the different series of reactions we determine& 
Cli, Cll, CO, CO,, NO, RONO, 


RCHO., 
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TABLE 1 
Composition of the Product of Reaction of R with NO, In the Presence 
of H Atoms, t = 20° (mole percent). 


co 


CO, |HCHO |RONO | RNO, 


5,2 


TABLE 2 


9,0 


Behavior of CH;NO, under Conditions of 


without Excess Atoms of H. 


CH;NO, found, mm 
Current strength 
in discharge Without intro- | With introduction 
tube, a duction of of CH,NO, 
CH;NO; 
0,00 0,0 0,0216 
0,07 0,00966 0,0309 


In the reaction of H atoms with C,H, we found only CH, and C,H. Heavier hydrocarbons which have been found 
in this case in a number of studies [4-6) in varying amounts depending on the experimental conditions were not 
found under our conditions =2.3mm, Poy Hy" 0.05 mm, I= 0,07-0,75 a, t= 20-907), Such a difference must 


be ascribed to the high concentration of H atoms in our experiments, 


TABLE 3 


Composition of the Product of Reaction of R with NO, without Excess H atoms 


1,2 | 5,15 | 0,94 | 0,7 
1,4 | 7,1 1,0 | 0,85 


The hydrocarbon gases were analyzed chromatographical- 

ly on carbon and silfca gel columns; CO, CO, and NO 

were determined by absorption in solutions of cuprous 

chloride, alkall, and hydrogen peroxide respectively, 

The determination of alkyl nitrite was carried out by 

the polarographic method which we worked out (3}. We 

also worked out a method for polarographic determina- 

tion of nitroparaffins, alkyl nitrities, and aldchydes in 

each others presence, | 
At the start we made a preliminary study of the 


processes which can evidently proceed in the reactor 
along with the main reaction which we studied, R+ NO: 


RONO 


Found, mole % RNO, Found mole % RNO, 
RONO RONO RNO; RONO 


31,8 
So 29,8 
18 29,0 


18 26,3 


we also showed that in the reaction of H atoms with NO; (Py, 
NO was formed, Finally, we showed that under our conditions low pressure and low temperature prevent reaction 


of C,H, with NO, 


The first series of experiments in studying the reaction of R with NO, was carried out with Ct and NO, — 


inlets at the same place in the reactor(Pyy, = 2.3mm, Po 
In this case the reaction R ¢ NO, proceeds ‘in the presence of exccss H atoms, The results of two typical experi 


10,2 
71,0 
13,17 


ments of this series are given in Table 1, 


As Table 1 shows, RNO, and RONO were found in the products of the experiment, that Is, there actually a: are 
two paths for the reaction of R with NO, Since the thermal decomposition of RNOg and RONO Js excluded at 
rooin temperature, the forination of the oxidation products (CO, CO;, and HCHO) can be considered as evidence 
of the correctness of the Ideas of Gray on the splitting of RONO at the moment of its formation, In this case we 
can assuine that as a tcsult of the reaction of RO radicals which arc formed with H atoms and NO,, aldehyde, CO, 
and CO, are formed, and the presence of RONO in the product Is explaincd by its secondary formation froin the 


914 


2,14 
2,35 
2,45 
2,8 


21,6 18,4 3,62 


96 30,0 70,0 2,33 
50 26,5 13,5 2,76 
18 22,0 78,0 3,55 
-15 17,6 82,4 4,67 


=23 mm, Pro, = 0,08 mm, I = 0.75 a, t = 20°), 


= 0.05 mm, = 0.08 mm, 0,75 a, stream + m/sec). 


19,1 | | 59,0 = 

22,2 | $,65] 55,5] 6,3 

°C 


Fig. 1. Determination of the difference in 
energy of activation of the two paths of re- 
action of R with NO, a— First series of ex- 
periments, b — second serics of experiments. 


TABLE 4 


Difference in Encrgy of Activation 
and Ratio of Steric Factors of the 
Reaction of R with NO, 


SE, kcal/ mole f,/ fs 
0,84 - 0,66 
1,21 0,50 
TABLE 5 
Effect of Surface on Reaction of R with 
NO, 
Found molec % RNO, 
RNO, | RONO | RONO 
Without covering] 78 22 3,5 
KCl cover 76,5 23,5 3,3 
K;B,0, cover 17,8 22,5 3,4 


alkoxyl radical and NO which results from the reaction © 
of NO, with H atoms, However, specially run experi 
ments to study the reaction of known C;H,;ONO with H 
atoms (but without NO,) showed that In this case alde- 
hyde and CO were also obtained, Also, it was found 
that CH,NO, reacts with atomic H and the degree of 
transformation under our conditlons reached 60%. 


Thus, as a test of the Gray hypothesis and an 
understanding of the true relation between the formation 
of RNO, and RONO it is necessary to carry out a study 
of the reaction R + NO, in the absence of an excess of 
H atoms. This was donc by separating the point of inlet 
of nitrogen dioxide from the point at which ethylene 
and atomic hydrogen were introduced by 90 mm 9 
increasing the amount of added ethylene to Poy; 

0.16 mm and reducing the current strength in che® ise 
charge tube to 0,07 a, All this reduced the concentra 
tion of atomic hydrogen at the point of meeting of R 
with NO, We found that under such experimental con= 
ditions CO, CO;, and aldehyde were 2bsent from the 
seaction products; this mcans that the reaction of RONO 
with atomic hydrogen did not occur. : 


In order to show the absence under these conditions 
of a reaction of atomic hydrogen with RNO, we added 
known CH;NO, to the reaction in mixture, with NO; As 
Table 2 shows, the amount of CH;NO, found in such 
experiments equalled the sum of the amount formed in 
ordinary experiments (that is, without addition of 
CH;NO,) under the same conditions, and that artificially 
added. 


Thus, under these experimental conditions there 
{s no reaction of atomic hydrogen with either the 
nitroparaffin or the alkyl nitrite. 


The results of the two series of experiments 
carried out at four different temperatures are given in 
Table 3, 


CO, CO;, and HCHO are absent from the products 
of all the experiments at all temperatures (at 96° traces 
of aldehyde were found qualitatively in the dimedon 


reaction which indicates the presence of thermal decomposition of RONO at this temperature), Thus the products 
of the reaction of R + NO, in this case are only RNO, and RONO, 


If we follow the Gray thcory of the splitting of RONO at the moment of its formation in the reaction R + NOg, 
we must expla{1 its presence in the products of the experincnts described above, *°Secondary® nitrite, in the opinion 
of Gray, is formed by equation (3), However, uader the conditions of our experiment, only slight amounts of NO | 
can be present in the reaction zone, along with a great excess of NO; Hence, as a result of the secondary reaction 
of RO with NO, only alkyl nitrate RONO; could be formed, Polarographic analysis does not permit separation of 
RONO and RONO; since both are reduced at the same half-wave potential, Therefore we made a spectrophoto= 
metric analysis of the products of the experiment which confirincd the presence of alkyl nitrite in them, Thea 
the amount of alkyl nitrite determined spectrophotometrically was equal to the polarographically determined sum 
of nitrite and nitrate, that fs, actually only alkyl nitrite occurred in the product, This indicates the incorrectness 
of the Gray thcory of the splitting of nitrite at the moment of its formation from R and NO; It fs evidently pose 


sible to distribute the excess energy along the bonds (without breaking them) and later to dissipate it in deactivating collislo 


- 
: 
al 
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ie By the use of the relation of the ratio RNO,/RONO to temperature, we can determine the energy of activa- 
_ tion difference In the two paths of reaction of R with NO,, which equals 1 kcal/mole (Fig, 1 and Table 4), From 


this relation we find the ratlo of steric factors f,/f, = 0,6, 
Thus, the formationof alkyl nitrite requires somewhat greater energy of activation and has a greater sterfe 
factor than for the formation of the nitroparaffin, . 4 


To test the role of surface in the reaction R + NO, we carrfed out experfments-in a reactor whose surface — 
was covered with KCl or K,B,0;. No change in composition or amount of products was found, which Indicates 
the homogeneous character of the reaction of alkyl radicals with nitrogen dioxide (Table 5). 


Recelyed July 18, 1958 
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DIACYL DERIVATIVES OF PHENYLHYDRAZINE,. THE QUESTION OF THE 
RELATION OF CHEMICAL STRUCTURE AND ANALGESIC ACTION 


7 Z. V. Pushkareva and N I. Latosh 
(Presented by Academician L, N, Nazarov, November 20, 1956) _ 


The struggle against pain has attracted attention during all human history and the fleld of anesthetic agents 
has developed greatly, especially in the last 15-20 years[1-4]. However, the analgesic agents used In present day 
medicine, including antipyrine and pyramidon, have certain deficiencies which arise from their harmful side ef- 
fects on the human organism. 


In 1929 R. Charonnat and R, Delaby (5S) attempted to reduce the toxicity of pyramidon by preparing the 
N-oxide, When pyramidon (1) was oxidized with hydrogen peroxide it gave a product which had the analgesic 
activity of pyramidon and much less toxicity, but it was not the expected N-oxide; it was a-dimethylamidooxalyl- 
B-methyl-s -acetylphenylhydrazine, or the so-called dioxypyramidon (II). : 


This induced us to synthesize a series of diacyl derivatives of phenylhydrazine with the general formula 
(Il) and to study in them the connection between chemical structure and analgesic action, 


The first group of compounds to be synthesized consisted of “skeletal® substances, in which Ry, Rz, and Ra 
were methyl and phenyl groups in all possible combinations; (IV), (V), (VI). (VI), (VIII), and (1X). 


The study of these simple substances led us to study the effect of comparatively simple structural changes 
in the a- and B-acyl groups of phenylhydrazine on the properties of the molecule, 


The second group of compounds belonged to the derivatives of a-benzoyl-8 -acetyl-8 -methylphenylhydra- 
zine (VI), When we introduced different substituents into the benzene ring of radical Rs, we obtained a number 
of substariccs structurally related to it (general formula X) with which to study the effect of different substituents 
united with the a-acyl group on the properties of the molecule as a whole (XI), (XII), (XIII). Since among these 
compounds there was no benzoyl derivative with electron-acceptor substituents in the ring, we synthesized a-. 
Isonicotinoyl- B -acetyl-8 -methylphenylhydrazine (XIV). 


In addition to the second group of substances we obtained compounds (XV) and (XVI) in which the a-acyl 
radical also contained a phenyl group which was not connected directly to the carbonyl group, but was separated 
from It, In one case (XVI) the separating group was the conjugated connection (~CH=CH-), and in the other (XV) 
a group which broke the conjugation (-CHg-) 


Finally, compound (XV) was like a partly hydrogenated dsinaenitie (Il) and contained in the a-position 
instead of the oxamido group, a dialkylaminoacctyl group, 


The sources for synthesis of all the enumerated compounds were either phenylhydrazine or Rgteaeabenoenn, 
-“ from these the substances were obtained by onc of two paths, 


Investigators who have worked with the most studied form of the dlacylhydrazines, dioxypyramidon (5, 6) 
have noted {ts poor ability to crystallize, though it has a high enough melting point (10S), Strictly speaking, 
the difficulty is connectéd with obtaining the first crystals, and further recrystallizations with seeding go suffi= 
clently sinoothly. To a greater or less degree this difficulty is found in all our diacyl derivatives of phenylhydrae 
zine, either alkylated or nonalkylated,, while the monoacyl products (XVIII etc.) were easily crystallized and q 
purificd, Thercfore we preferred to use the second scheme in the synthesis, Also, B-mcthyl-8 sacetylphenylhy= 
drazine (XVIII) is found In the skelcton of the molcculcs of most of the substances which were synthesized, 
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Problem of the Connection between Structure and Action of Medicinal Substances, Tartu, 1956, 35.° 


In the process of the syntheses we studied the optimum conditions for partial deacylation (7), which permit- 
ted us to obtain(XVIIDin 85-80% yields. 


The brief data on the properties of the synthesized compounds which have not been described before are given 
in Table 1. Some of the substances were prepared by the methods described In the literature, (IV) (8), (V) (8). 
(V1) (9). (VIL) (10), (1X) (11), and (XVIN) 

The results of the comparative study of physicochemical properties (ultraviolet spectra, dipole moments) 
of the synthesized compounds will be published separately, At the same time the substances were given to the 
Department of Pharmacology of the Sverdlovsk State Medical Institute for a study of their analgesic action, Pre= 
liminary results of the aed. study [12] show that substances of the type X have the most intensive 
activity. 


S. Kirov Ukrainian Polytechnic Institute Recelved October 12, 1958 
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SELECTIVE CATALYTIC DEHYDROGENATION OF HIGH MOLECULAR-WEIGHT 
; SATURATED HYDROCARBONS IN THE LIQUID PHASE 


S. R. Sergienko, E. V. Lebedev, and A. A. Petrov 
(Presented by Academician A. A. Balandin, July 18, 1958) 


The reaction of catalytic dehydrogenation discovered by N. D. Zelinskif[1] has been widely applied {n the 
study of the chemical nature of cycloparaffin hydrocarbons which are found in the light fractions of petroleum, 
However, until the present there has been no report on the use of this reaction for explaining the structure of the 


high molecularweifght saturated petroleum hydrocarbons. 


Hydrogen 
from purifying 
system 


gas to 
gasometer 
= water from 
thermostat 


Fig. 1. Apparatus for dehydrogenation in the liquid phase, 

1) Metal bath for heating, 2) seaction vessel,-3) buret for hydroe 
carbons, 4) well for thermocouple, 5) condenser, 6) buret for 
measuring gas. ; 


In carrying cut a systematic study of the chemical nature of the high molecular-weight hydrocarbons of 
petroleum we decided to test the applicability of the reaction of selective catalytic dehydrogenation to explain 
the structure of these compounds, For this purpose we used synthetic hydrocarbons Cyy-Cxg which contained in 
thelr molecules 1-3 cyclohexane rings, 2 decalin rings, 1 cyclopcntane ring, and one paraffin with normal struce 
ture. First we found the optimum conditions for catalytic dehydrogenation of high molecular-welght cycloparaffin 
hydrocarbons in the liquid phase and an apparatus was built for carrying out the dehydrogenations (Fig, 1) 
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TABLE 1 
Dehydrogenation of Individual Hydrocarbons and Their Mixtures (315°, Catalyst, Pt on Carbon (18%)) 


w& 


19 


pentane 


u-Tetracosane 


n-Octadecylcyclopentane 


4 {Mixture of.substance No. 1 


20%) and substance No. 2 
80%. 


Mixture of substance No. 1 
(707%) and sub. No. 2 (307) 


-Cycloheyyloctadecane 


1,1-Dicyclohexyldodecane 


1, 5-Dicyclohexy]-3-hexa- 
hydrobenzylpentane 


cycichexyl) ethane 


2,11 -didecahydronaphthyl- 
dodecane 


> CuHe 


1,42837* 
1,4543°° 
1.4300" 


1,460 


1,489 


1,492) 


Starting synthetic saturated hydrocarbon 
7 Obtained b 
a 
Name Structure Empire 
3 formula ¥tetd, we. «| 


8758 


0, 


1,8 
6.4 
17,2° 


65,2°° 


4,00 


a) 6.0 | 


Fr. 33,8 
Fr. 35,2 


wf 


| CuHye | 50,6 0, 76827 


Aromatic hydrocarbon 


dehydrogenation of 
saturated hydrocarbon Synthetic 


uration of deo 
hours 


M. p. °C Structure 


G 


c-c-tc_c 


0,9249} 1,5-Di 
heptylpentane 


7-Phenyloctadecane 


9299)1, 1 -Diptienyldodecane 


1-Phenyl-1-cyclohexyl- 
y 


. |1,5-Diphenyl-3-benzyl- 
pentane 


1,2-Di-(1, 3, 5-trime- 
thylpheny1) ethane 


{,0197]2, 11 -dinaphthyldode- 
cane 


* Yield based on 1,5-dicyclohexyl-3-heptylpentane In the mixture BO%, 

© Yield based on 1,5-dicyclohexyl-3-heptylpentane in the mixture 93, 2%, 
m, p, with 1,5-diphenyl-3-benzylpentane gave no depression, 

Mixcd in, p. with 1,2-di-(1, 3, 5-trimethylphenyl)cthane gave no depression, 


— t.5250 | | | — | 0.9233] 
— |1,4760 ~ — | 2 
1,5241 0, 9239 

-- | 14,4800 4 
[t.4803 
1.5242 1;5241 | 0.9298] 40 

\=7 
— | 1,5242 10,9248 | 4.4980 0, 8960 
| 

J 118 oni ‘ 

1.5455 
7 
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EXPERIMENTAL 


The catalyst, Pt on carbon, was prepared according to B, A. Kazanskil [2] in the amount of 15-18% of the 
substance to be dehydrogenated, and was placed in flask 2 (Fig. 1) and reduced In a stream of hydrogen with slow 
heating to 320° (2-5 hours), Then the catalyst was kept for ancther hour at 315, sites &!* the hydrocarbon was 
added in the Iquid phase from buret 3 into the reaction flask which was kept at the constant reaction temperature 
(315°), Addition of hydrogen to the system was stopped and the entire system was {solated. The gas which formed 
as a result of the dehydrogenation was cooled to 20° by passing through the condenser and measured in two burets 
which operated alternately, thermostatically controlled at 20°, When a buret was filled, the gas was transferred 
to 2 gasometer. 


In order to determine the behavior of hydrocar- 
bons with diffcrent structures under the conditions of 


a selective catalyst for dehydrogenation, we synthe= 
sized the following individual compounds; n-tetra- 
& cosane, n-octadecylcyclopentane, 7-cyclohexylocta= 
. r decane, 1, 5-dicyclohexyl-3-heptylpentane, 1,1-di- 
cyclohexyldodecane, 1,5-dicyclohexyl-3-hexahydro= 
§ benzylpentane, 1,2-di-(1, 3, 5-trimethylcyclohexyl) 
3 ” ethane, and 2,11-didecahydronaphthyldodecane, - 
Seam Compounds which contained the fsolated cyclo= 
; = ™ hexyl and decaline structures were obtained by hydro= 
F ~" genation of the corresponding phenyl and naphthyl 
E e hydrocarbons which were prepared by the Grignard re= 
action, The syntheses of these individual hydrocarbons 
Ps will be reported separately, 
= It was observed that the dehydrogenation of indi- 
3 vidual hydrocarbon homologs of cyclohexane and decas 
E +, 3 line occurred even at 280°, but the optimum tempera= 
4 i” 4 ture for dehydrogenation In the liquid phase in the pre= 
= sence of a platinum catalyst is a temperature of 315-320", 
S caw N 3 At this temperature dehydrogenation of all the hydrocare 
= bons studied, whether they contained {solated or con= 
» .densed hexamethylene structures, was complete in 5-6 
s |i a ri hours with almost complete absence of cracking, 
J 
Pad | ‘ef § In Fig, 2 we show the change in rate of hydrogen . 
evolution and the total amount of it with time for ine 
5 ets | dividual hydrocarbons with different structures, The 
reaction temperature in all cases was 315°, 
o _ The lquid reaction products of the dehydrogenase 
tion were separated chromatographically on silica gel, 
— In Table 1 we give the results of catalytic dehydro= 
£ aa genation of individual hydrocarbons and their mixtures, 
Fig. 2, Change in rate of evolution of hydrogen ‘The investigation showed that the rate of hydrogen 
(a) and {its total amount with time (b) in the dee evolution in the dehydrogenation of hydrocarbons of vae 
hydrogenation of individual nydrocarbons, 1—1, rious structures leveled off after 5-6 hours and became - 
° $-Dicyclohexyl-3-nexahydrobenzylpentane, 2— very slight, that {s, the reaction was practically complete, 
1,2-di-(1, 3, S-trimethylcyclohcxyt)pentane, _An Increased number of {solated hexamethylene rings 
3— T-cyclohexyloctadecane, 4 — 2,11-didecahy= in the hydrocarbon molecule and the presence of methyl 
dronaphthyldodecane, groups in them affected the dehydrogenation process 
Compounds which contained two condensed hexamethylene structures were dehydrogenated with more 
difficulty. 
924 


. 
‘ ‘ 


In the dehydrogenation of 1,1-dicyclohexyldodecane, besides the full dehydrogenation, we carrled out an 
expertinent in which the dehydrogenation reaction was broken off at the moment when the amount of hydrogen 
evolved was about */; of the theoretical. Chromatographic separation of the reaction products from this experi 
ment showed that thcy contained about equal amounts of a) the starting 1,1-dicyclohexyldodccane, b) the pro- 
duct of complete dehydrogenation of both cyclohexane rings to benzene rings (1,1-diphenyldodecane), an¢ c) 
the product of half dehydrogenation, 1-phenyl-l-cyclohexyldodecane, This result 1s expersmental confirmation 
that the dehydrogenation of the cyclohexane ring goes simultaneously in both directions with formation o£ 


—Cu 


The normal paraffin hydrocarbons under these conditions give a yield of 1.8% aromatic hydrocarbons which 
indicates the slight role of dehydrocyclization of the paraffin chain, 


In studying n-octadecylcyclopentane under conditions of liquid-phase dehydrogenation we found forma- 
tion of 6.1% of aromatic hydrocarbon. Condensation reactions in all cases were practically completely absent. 


The study of the behavior of different structural groups of high molecularwelght saturated hydrocarbons 
under the conditions of liquid-phase dehydrogenation in the presence of Pt deposited on carbon and passivated Fe 
showed that the method of selective catalytic dehydrogenation tn the Liquid phase can be used successfully in 
studying the high molecular-weight saturated hydrocarbon fractions of petroleum, whose molecules contain 
cycloparaffin rings, for a more detailed characterization of thelr chemical nature, 


Petroleum Institute he Received June 17, 1958 
Academy of Sciences, USSR 
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THE SYNTHESIS OF THE ALKALOID CINCHONAMINE 


R. P. Evstigneeva, and N. Preobrazhenskil 
(Presented by Academician A. L Oparin, July 31, 1958) 


Ch’en ‘Ch*ang-pal, 


The alkaloid of cinchona root, cinchonainine, is the connecting link between the quinine alkaloids of the 
* quinoline series and alkaloids of the indole serics. This can be shown by direct synthetic transformation of 
dihydroquinine into 5-methoxydihydrocinchonainine and of dihydrocinchonine into dihydrocinchonamine {2}. 


In the present communication we describe the synthesis of optically zctive cinchonamine, 


The synthesis was carried out by a method which we aun out earller for _—— the pyridine analog 
of cinchonamine 


Oh 


Oy 


Ethyl 3-vinylquinuclidine 6-carbosylate (b. p. 80-82/0,5 mm; 1,4850; 1,028; MRp found 58.35, 
calculated (a) 7-5 + 69,58" at 1.006, 95% C,H OH) (1) was condensed with y -butyrolactone (b, p. 70,5-. 
12/5 mm, nb 1,4336) (11) in dry benzene in the presence of sodium ethylate at 40-85, After the corresponding 
treatment we obtained a-(3-vinyl-6-quinuclidoyl)-y -butyrlactone (III) in the form of a colorless, viscous, oily 
substance, easily soluble in ether, alcohol, benzene, and water. B. p. 152-153°/0.5 mm, Yield 35.7%, 


Found %: C 67.21; 67.323 H 7.963 7.98) N 5.61 
Calculated fe: C 67.453 H1.68 -N5.62 


Reineckate m, p, 152,5-154° (with decomposition). 


Found %: C 38.21; 38.35; H 4.43; 4 -143 N17.20; 17.14 . 
Calculated C 38.03; H 4.613 N 17.25 
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When compound III)was heated with 2N sulfuric acld at 120°, the lactone ring opened and was éecerbony- 
lated with formation of (IV). . Yield 70,9, 


The resulting light yellow Mquid was heated with a 10% alcoholic solution of phenylhydrazine for 8 hours. 
The resultiug phenyl hydrazone of w-hydroxypropyt-a-{3-vinyl-6- quinuclidyl)-ketone (V) was a thick yellow oil, 
Yield 76.5%. ° 
The reineckate after recrystallization from aqueous alcohol had m. p. 196,5-198 (with decomposition) 


Found %: C 43.36; H 5.28 
Calculated Jz C 43.65; H 5.42 


To the phenylhydrazone (V) in anhydrous ethyl alcohol was added twice {ts amount of concentrated sulfuric 
acid.and the mixture was heated for an hour at 60° (4}. Then it was neutralized with an alcoholic solution of - 
ammonia, the ammonium sulfate was separated, the alcohol was distilled off, the base was {solated with potash 
and removed by ether. After the solvent had been removed, the light-yellow ofl was treated with alcohol to give 
einchonamine in the form of colorless crystals, easily soluble In hot alcohol, ether, chloroform, and benzene, less 
so in cold alcohol, and poorly soluble in petroleum ether and water. 


p. 196%, [2] 120° (C 0,208, 
max(GHsOH) 250 (log 3,98) 


The constants of our synthesized optically active ssetinasiitinn sinc agree with those described in the 

Uterature for the natural alkaloid [5}. “ 
Our reactions which lead to the synthesis of cinchonamine - the way to the preparation of other alkaloids 

of this series. 


M, V. Lomonosov Moscow Institute of _ Received July 30, 1958 
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‘LITERATURE CITED 


{1) M. Ishikawa, Pharm. Bull. 5, 497 (1957), 
{2} E. Ochiai and M, Ishikawa, Pharm, Bull 5, 499 (1957), 

[3] Ch*eng Ch’ang-pai, R. P. Evstigneeva, and N. A. Preobrazhenskil, Zhur, Obshch, Khim, 28, 11 (1958),* 
{4] N. N. Suvorov, N, P, Sorokina, and Iu, N. Sheinker, Zhur. Obshch, Khim, 28, 1090 (1958). °. 


{5} R. Goutarel, M. M. Janot, V. Prelog, and W. L. Taylor, Helv. Chim, Acta 33, 150 (1950); M, — 
C. r. 93, 593 (1881); m. 174 (1883); O. Hesse, Lieb, Ann, 225, 211 (1884), 


Original Russian p.stnation, See C, B, Translation, 


a 


THE ACID PROPERTIES OF 3-ACYLPYRAZOLES 


Iu. N. Sheinker, Ivan Ambrush, and N. K. Kochetkov 
(Presented by Academician A. N. Nesmelanov, July 1, 1958) « 


According to the data of A. N. Nesmeianov and N. K, Kochetkov, who worked out a satisfactory method of . 
synthesis, the 3-acylpyrazoles, as distinct from pyrazole and its homologs, have the properties of weak acids (1}. 
To explain this effect we made the assumption that salt formation is accompanied by a tautomeric shift of the 
double bonds with destruction of the aromatic system of pyrazole and formation of an O-metallic derivative ac 


cording to the equation 


In support of this idea fs the known high electronegativity of the oxygen atom compared to the nitrogen so 
that the negative charge should be centered preferably on the oxygen atom. A number of cases are described in 
the literature in which,in compounds with the system of double bonds O=C-G=N-NH [2] or O= C-C=C-NH [3-5], 
salt formation is connected with a shift in the bonds. A study carried out earlier in our laboratory [6] showed 
that In the ultraviolet absorption spectrum of 3-acylpyrazolones there was a considerable bathochromic shift with 
transfer from a neutral to an alkaline medium, which would indicate a change in the system of # -electrons in 
the molecule, At the same time, for 3,5-diphenyl-4-bromopytazole, which also has acid properties but cannot 


undergo a tautomeric shift of bonds to destroy the aromatic —_— of pyrazole, this shift in the ultraviolet spec- 
trum is not observed [7]. 


Another possible explanation of the acid properties of Senne {s that under the influence of an 
electron-acceptor effect of the carbonyl group of the acyl radical which 1s connected to the nucleus, the N-H 
bond in the pyrazole ring {s polarized, as a result of which the hydrogen can split off as a proton: 


In favor of this assumption is the fact, known from the ns that pyrazoles with negatiye substituents 
have acid properties [8-10}, 


Originally, on the basis of the study of the ultraviolet spzctra of the ovmaisiuiions we were inclined to 
give preference to the first of these possible explanations (6), but these data did not permit a final choice te= 
tweenscheme Iand IL For a final solution of the question of the nature of the acid properties of the acylpyrae 
zoles we studied the infrared spectra of some compounds of this type and thelr metallic derivatives, In fact, if 
the frequency of the CO group were absent in the Infrared spectra of the salts, as is the case with the infrared 
” spectra of salts of a= and y -pyridoncs{11), then we could speak of the tautomeric shift with salt formation by 
scheme 1; but If the frequency of the carbonyl group were kept in the infrared spectra of the salts, it would show 

positively that salt formation was by scheme Il, We determined the Infrared spectra of 3-acetyl-, 3-pivaloyl-, 
and 3-benzoylpyrazole and also the sodium and silver salts of 3-acetyl-pyrazole, The 3-acetylpyrazole was 
synthesized by the method which was worked out earlier in our laboratory [1, 12), The sodium salt of 3-acetyle 


| 
: 
- : 
- 


Fig. 1. Infrared spectra of 3-acetylpytazole (a), S-plvaloyipyraole (b), sodium salt of 
3-acetylpyrazole (c), and silver salt of 3-acetylpyrazole (d), 


anne was obtained in 78% yield by the action of sodium ethylate on 3-acetylpyrazole in alcohol solution, 
followed by precipitation with ether, The powdery salt contained 10-15% sodium alcoholate, but this has no 


significance for our purpose, 
Found %: N 18.83; 18.46 
C3sH;N,ONa. Calculated %: N 21.21 
The silver salt of 3-acetylpyrazole was obtained in 93% yield by the reaction of 3-acetylpyrazole with an aqueous 
ammonia solution of silver nitrate to form a curdy, colorless precipitate which was filtered and dried, 
: Found %: C 27.97; 27.90; H 2.48; 2.38; Ag 49.81; 49.51 
CHN,OAg Calculated %: C 27.673 H 2.323 © Ag 49.71 


The infrared spectra of all these substances were measured in an IKS-11 apparatus In the crystalline form 
(paste with vaseline oil); they are given In Fig, 1, As can be seen, in the Infrared spectrum of 3-acetylpyrazole 
(Fig. 1a) there is an intense band, which corresponds to the oscillation of the C = O group at 1662 cm? and an 
intense band at 3230 cm™ from the valence oscillation of the bond, It {s interesting that the shift in the C=O 
band compared to the position in saturated ketones with open chains (1725-1705 cm“) is stronger when the carbonyl 
group {s on the pyrazole ring than when it is on the benzene ring (in acetophenone the frequency of the carbonyl 
band {s 1686 cm™'), An analogous and even greater effect, however, is found in p-aminoacetophenone (1634 cm~}) 
{13}. Evidently the explanation of such shifts in frequency {s connected with the electron donor properties of the 
amino group which decreases the force constant of the C=O bond, In our opinion, the same explanation applies to 
the decreased frequency of the C=O band in 3-acetylpyrazole (see scheme II), This + ee {s confirmed by the poe. 
sition of the sumone band in the infrared spectra of 3-pivaloylpyrazole (1650 cm™, see Fig, 1 b) and 3-benzoyle 
pytazole (1636 cri™), The decrease in frequency in these cases {s explained by the fact that besides the electrons 
supplied to the carbonyl group by the pyrazole ring there {s a supplementary source of electrons from the tertlary 
butyl group (because of its + i effect) or from the benzene ring (because of its polarizability), ‘ 


In the Infrared apectense of the sodium salt of { S-acetylpyrazole (Fig. 1c) there fs an intense band for the 
carbonyl group at 1650 cm™ and at 3000-3500 cm (oscillation of the N-H bond), there {s a strongly deformed,. 
pot very intense band, The latter was ascribed to the presence of contaminants, The presence of the intense . 
carbonyl band excludes the possibility that the negative charge on the anion of the salt {s centered chicfly on the 
oxygen atom, Hence,in the anion the negative charge {s mainly centered on the nitrogen atoms (or on one of 
them). Support for this idea‘comes from the fact that the frequency of the carbonyl group in the spectrum of the 


i 


salt underyocs a supplementary shift, This effect can be explained by the fact that the pyrazole ring tn which 
one of the nitrogen atoms bears a negative charge {s more able to give up an electron than a *neutral*ring 


If we consider the Infrared sgoeinen of the silver salt of Dicidiininndte (see Fig, 1d), we find that i 
contains as intense a band at 1662 cin“! as does free 3-acctylpyrazolone. At the same time the band from the 
N-H bond vanishes completely. We can conclude from this that the silver atom replaces the hydrogen atom and 
forms a substance fn which the N-Ag bond {s covalent. In support of this idea {s the fact that the oscillation 


frequency of the carbonyl group {s exactly the same as in unsubstituted 3-acetylpyrazole, and so the effect found 
with the sodium salt of 3-acetylpyrazole, which depends on the charge on the nitrogen atom, is here absent. 


Thus, the data presented in this paper force us to abandon the {dea of salt formation by formation of 
O-metallic derivatives (scheme I) and along with it the earller idea (6} of possible tautomerism of the 3-acyl- 
pysazoles, It is clear that since the carbonyl group Is present in the metallic derivatives of 3-acylpyrazoles, then 
salt formation in these compounds {s connected with strengthening the polarization of the N-H bond of the pyrazole 
ring under the influence of the electron-acceptor effect of the acyl group (scheme Il), It is evident, in spite of oe 
the great electronegativity of the oxygen atom, that the destruction of the aromatic character of the pyrazole 
ring when O-metallic derivatives are formed is so strongly hindered that salt formation on the nitrogen atom is 
the more favored process energetically, As to the above-mentioned bathochromic shift in the ultraviolet spectrum 
of 3-acylpyrazoles in an alkaline medium, this in all probability {s connected with some deformation of the sys= 
tem of x -electrons of the pyrazole ring, which is confirmed by the above-noted shift in the bands of the C=O 
group in the infrared spectra of salts of 3-acetylpyrazole. 


M, V. Lomonosov Moscow State University Recelved June 2s, 1958 
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KINETICS OF DIACYLCHLORIDE POLYCONDENSATION WITH DIHYDRIC PHENOLS * 


S. V. Vinogradova and Corresponding Member Acad. Sci. USSR V. V. Korshak 


A double decomposition (one example of which {s the reaction between acyl chlorides of dicarboxylic 
acids and diols) is one of the least studied cases of polyesterification, The Mterature contains only scant 
teferences on the preparation of ethers by this reaction (1-6). 


TABLE 1 


Reaction Rate cons- |The degree 


_tant, liter/ lof completion 
/mole- sec -|(of reaction) 
after 7 hours 
150 5,72 0.17 
| 470 10,7 0,26 
CH, CH, Ncooc!} 4x9 17,99 0.38 
200 50,3 0,63 
210 92,0 0,72 
150 2.99 0,09 
cit, cr, 180 14,3 0,33 
190 30,4 0.46 
210 79,6 0,64 + 


| 150 | 346 


Scoa 179 6,9 


o 


170 


11,7 0,27 


In a preceeding communication [7] we reported some data on the polyesters of aromatic dicarboxylic 
acids and dihydric phenols. The aim cf the present work was to investigate the kinetics of the polyester formas 
tion, which proceeds as follows; tee 


HOArOH + + 


Polycondensation kinetics were studied by the use of the following representative reactions; {sophthalyl 
and terephthaly! dichlorides with p,p*-dihydroxyphenylpropane in the 150-210° range; terephthaly! dichloride 
with 0,0°-dihydroxydiphenyl, resorcinol, and hydroxyquinone at 170°; sebacyldichloride with p,p*-dihydroxy- 
diphenylpropane at 150°. The reactions were carried out in a diindcny! solution in a current of purified dry 
altrogen and with equimolar amounts of starting matcrials, In the majority of experimeuts we used 200 ml of 
diindenyl, 2.67 g of aroniatic acy] chloride and a corresponding amount of diol. The course of the reaction was 


°V. S. Atteinova and D. T. Morozova participated in the experimental work, 
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Fig. 1. The dependence of rate constants 
on temperature in the reactions between 
p-p*-dihydroxydiphenylpropane and: 1) 
terephthalyl dichloride; 2) isophthalyl 
dichloride. 
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Fig. 2. Kinetics of the {sophthalyl 
dichloride polycondensation with p,p*- 
dihydroxydiphenylpropane at 220° 1) 
change in the amount of hydrogen 
chloride evolved during the reaction; 
2) change in the quantity of polyester 
in the reaction mixture; 3) change in 
the quantity of starting materials and 
low molecular-weight polyesters in 
the reaction mixture; 4) change in the 
reduced viscosity of polyester. 


TABLE 2 


_ constants of this and other reactions were calculated 


. feacting groups in Jsophthalyl dichloride are meta to 


checked by determining the quantity of hydrogen 
chloride evolved In the reaction. In some experi- 
ments we took out samples of reaction mixture during 
the reaction so as to determine the amount and vis- 
cosity of the polymer In the mixture. 


The order of the reaction between Isophthalyl 
dichloride and p,p*-dihydroxydiphenylpropane was 
determined by the Van't Hoff method [8] and indica- 
ted a bimolecular reaction mechanism. The rate 


with a second-order rate equation and remained un- 
changed during the whole reaction, which also con- 
firmed the bimolecular reaction mechanism. 


Table 1 Lists the data on the rate constants and 
degrees of completion in the reaction between acyl 
chlorides and diols. 


In the reaction between p,p*-dihydroxydiphenyl- 
propane and terephthalyl and isophthalyl dichlorides 
the change in the rate constant obeys Arrhenius equa- 
tion, as may be seen in Fig. 1. A treatment of the ex- 
perimental data by the method of least squares gave 
the following Arrhenius Equations: log K = 7.13 — 4963/T 
and log K = 5.81 — 4308/T respectively. According to 
these equations the activation energy for the reaction 
between {sophthalyl dichloride and p,p*-dihydroxydi- 
phenyipropane is 19,700 cal with a frequency factor of 
0.646+10°. For the terephthalyl dichloride and p,p’- 
dihydroxydiphenylpropane the activation energy fs 
22,700 cal with a frequency factor of 0.135-10", The 
“higher frequency factor in the reaction of terephthalyl 
dichloride with p,p*-dihydroxydiphenylpropane can 
obviously be explained by a steric effect. Since the 


each other,the approach of the other molecule fs more 
hindered than in the case of para position on the ring. 
This in turn decreases the collision frequency between 
acyl chlorides and hydroxyl groups in the polyesterifi- 
cation of isophthalic acid. From the graph of rate cons- 
tant vs. temperature for the reaction of p,p*-dihydro- — 
xydiphenylpropane with terephthalyl and isophthalyl 
dichlorides we calculated reaction temperature coeffi 
clents (see Table 2). 


Starting materials 


Temperature (in °C) ratios 


160 | 170 | 180 | 190 | 200 | 210 
15) | 170 186 190 | 


on 4,36] | 1,68 | 4,68 | 4,05 | 
cit, ‘cH, 
+ cock) 1,36 | 1,62 | 2,18 | 2,43 | 1,76 | 1,48 


4s 


To explain the effect of structure (in the starting material) on the reaction rate It 1s necessary to compare 

the different reaction rate constants given in Table 1 with each other. As may be seen from the data in Table 1, 

fsophthalyl dichloride reacts faster with p,p’-dihydroxydiphenylpropane than does terephthalyl dichloride. The 

_ seplacement of an aromatic acyl chloride by an aliphatic increases the reaction rate considerably. Thus, sebacyl 
_ dichloride reacts at 150° with p,p*-dihydroxydiphenylpropane at a rate which {s 60 times higher than that of 

Msophthalyl dichloride and 115 times higher than that of terephthaly! dichloride. 


The reaction rate depends also on the structure of the dihydric phenol used. At 179° pp + -dthydroxydiphenyl- 
propane, resorcinol, hydroquinone, and 0,0°-dihydroxydiphenyl react with terephthalyl dichloride and the reaction 
tates decrease in the following order: hydroquinone > resorcinol > 0,0°-dihydroxydiphenyl > pp’ -dihydroxydiphenyl- 
propane. It should be noted here, that the differences in the reaction rates of the last three diols are small. 


Table 1 Lists the data on the degree ef reaction completion after seven hours. It may be seen that with in- 
Ctease In reaction temperature the degree of completion increases. However, even If the reaction between p,p*- 
dihydroxydiphenylpropane and Isophthalyl dichloride {s carried out at 210° the degree of completion {s only .72, 
{. e. only 12% of material has reacted. 


In this case the change in the reduced viscosity of polymer (In cresol) was detemined in the course of reac- 
tion and turned out to be small; between the 2nd and 10th hour of the reaction it hardly changed at all, remain- 
ing equal to ~ 0.18. In order to increase the degree of completion we studied the reaction hanes p.p*-dihydro- 
xydiphenylpropane and {sophthaly! dichloride at a higher temperature (220°) and with higher initial concentrations 
of reactions (we took 5 g of diol and 4.45 g of acyl chloride in 100 ml of oe it turned out that after 7 
hours the degree of completion was 0,975 — a considerable increase. 


In Fig. 2 we have graphically represented the change in the composition of reaction mixture and the reduced 
viscosity of polyester during the course of reaction. It may be seen from Fig. 2 that in the course of reaction there 
{s an uninterrupted increase In the reduced viscosity of polyester, {. e., in its molecular weight. The fact that after 
3 hours the amount of polymer practically does not change, while the quantity of low-molecular component Is al- 
ready very insignificant by that ume, undoubtedly indicates that after 3-4 hours the increase In the polyiner chain 
is principally on account of a reaction between polymeric molecules themselves. 


Institute of Heteroorganic Compounds, Pe 
Acad. Sci. USSR. : Received July 3, 1958 
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REDUCTION OF CONJUGATED DIENES WITH NASCENT HYDROGEN 


1. V. Gostunskaia, N. I. Gusar®, A. I. Leonova and Academician B. A. Kazanskil 


Nascent hydrogen Is capable of adding to diene hydrocarbons not only in the 1,4-position but also in the 
1,2 or 3,4-positions {1-6}. The addition orlentation depends on the diene structure: increased number of alkyl 
groups on the 1st or 4th (terminal) carbons of the conjugated system promotes 1,2 or 3,4 addition of hydrogen, 
while presence of alkyl groups on 2nd or 3rd atoms of conjugatedsystems helps 1,4-addition. Thus fsoprene and 
dilsopropenyl (2,3-dime thyibutadiene-1,3) add nascent hydrogen almost exclusively in the 1,4-position, while 
dilsocrotyl (2,5-dime thy hexadiene-2,4) and 2-methyl-hexadiene-2,4 mostly in the 1,2 and 3,4-positions. 


2 When reduction {s done with sodium in Mquid ammonfa [1-4] or with hexamminecalcium [5-6] metal 
amides are formed simultaneously with the addition of hydrogen ' > the double bond: 


>C=C< + 2NH; ~ > < + 2NaNH;, 
>C =C< + Ca(NH,), > CH — HC -: + Ca(NH,); + 4NH3. 


As has recently become apparent, amides are capable of ~atalyzing double bond rearrangements in mono- 
and diolefinic hydrocarbons {7-10}. In this connection one would expect that under certain conditions the suuc- 
ture of the monoolefin formed after addition of one hydrogen molecule to a diene would depend not only on 
the structure of the original diene but also on the secondary isomerization influenced by the metal amide formed. 


TABLE 1 
Composition of Peduction Products InWt. % 


Addition Reducing agent 
Starting diene Monoolefin | 
C,H;OH 
Dilsopropenyl (2,3-dime- P,3-Dimethylbutene-1 1,2 9. 2 4 
thylbutadiene-1,3) 2, 3-Dimethylbutene-2 14 91° 98 [3] 96° 
Dilisocrotyl (2,3-dimethyl-2,5-Dimethylhexene-2 1,2 771 84 
hexadiene-2,4) P.5-Dimethythexene-3 1,4 23 [5] 29e 
 @Data obtained in the present work. : 
In order to estimate the role of this possible secondary reaction we carried out a reduction of dilsopropenyl 


Hic Oy 
CH, = CH CH == CHs and dilsoczoytl 


(these are the two exucme cases in the disuibution of methyl groups with respect to the four carbons of the 
butadiene structure) under conditions which excluded the isomerizing action of metal amide. For this purpose 
We used as a reducing agent sodium and ethyl alcohol in liquid ammonia. As has previously been shown (11), the 
double bond is not displaced during partial r2duction of heptene-1 and octene-1. 


gis 
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TABLE 2 TABLE 3 


Fract.Noj B. p.. ‘Ge di’ Olefin B. di [source 
BS.7-S6,2 6.4 |1,3892 | 0.6756  2,3-Dimethyl- 
2 §6,2-72,2 4,5  |1,4055 | 0,7000 butene-1 55,67 |1,3904 | 0,6779 | (14) 
3 73,2 23,5 41,4139 | 0,7107  2,3-Dimethyl- 
4 73,2 61,0 41,4144 | 0.7110 butene -2 73,21 |1,4122 | 0.7080] [14] 


*The boiling point in Tables 2-7 are given at 760mm. 


Fig. 2. Fractional distillation curves of © 
difsocrotyl reduction products: 1) sodium 
in liquid ammonia; 2) sodium and - 
alcohol in quid ammonta. 


% 


Fig. 1. Fractional distillation curves 
of diisopropeny]l reduction products; 

1) hexamminecalclum; 2) sodium and 
alcohol in liquid ammonia. 


TABLE 4 TABLE §& 
Yield, 26 18 : feld, 20 
Fract.No.| B. p., °C dg Fract.No. | B. po» “C 
1 56,7-60,3 1,4 1,3894 1 101,5-102,3 7,0 4020 10,7008 
2 60,3-73,3 1,3 1,4068 2 102,3-114,0] 12,4 {1,4090 |0,7109 
3 13,3 63,2 1,4122 | 0,7089 3 114,0 63,3 |1,4150 }0,7187 
Residue 18,1 1,4165 Residue 15,0 1.4718 10.7694 


TABLE 6 
Olefins B. °C a? Source 
2,5-Dimethylhexene-2 112,2 1,4140 0,720 14) 
2,5-Dimethylhexene-3 102 1406 0,710 m4) 
(mixture of cls and trans) 103,5 1,4100 0,7122 (15) 

99,7- 99,9 1,4040 0,7015 (16) 


TABLE 7 


Fract. No. | B.p..C |Yield, | | ai? Fract. No. | B.p..°C  [Yield, 
D D 
wt. % 
1 96,5-101,5| 7,5 |1,4020 | 0,7063 113,0-134,4, 4,9 | 1,4648 
101,5 12,7 |1,4045 | 0,6998 134,4 |16,8 |1,4780]0,7628 
101,5-113,0| 6,4 [1,4125 | 0,7142 | Residue 7,0 41,4780) — 
4 43,€ 0,7189 


113,0 


4155 
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Besides this,we reduced dilsopropeny! with hexamminecalciuin and dilsocrotyl with sodium in liquid ammo- 
nla (under the samc conditions as in the experiment with alcohol). The last reaction was already studied by 
Levina andco-workers(2], though under slighly different conditions (with higher sodium concentrations and longer 
teaction tlines). 


The data on the reduction of the above-mentioned compounds obtalued in the present : work as —— as that 
Already Usted in the literature are given in Table 1. 


According to these data, dilsopropenyl when reduced with all the investigated sources of nascent hydrogen 
undergoes almost exclusively 1,4 addition. The reduction of re is less selective, though hydrogen adds 
principally in the 1,2 position, 

A comparison of the data obtained with hexamminecalcium and entiuns in liquid ammonia (systems capable 
of causing double-bond rearrangement in monoolefins) with data obtained with sodium and alcohol in liquid 
ammonia shows that, although the secondary {somerization reaction changes somewhat the results of primary reduc- 
tion, it does not alter them, and consequently the cules Introduced in the works of Levina, Kazanskil andco-workers 
on the effects of diene structure on the reduction orlentation still hold. 


EXPERIMENTAL 


Reduction with sodium in liquid ammonia was carried out in a three-necked half-liter flask placed In 3 
thermostat and supplied with a stirrer, dropping funnel, and tubes for introducing and removing ammonia. To 

250 ml of liquid ammonia we added with vigozous stirring 0.4 g-atofsodium, and after that added the diene 
dropwise (0.2 moles) at -33°, After all the diene was adced the stirring was continued at the same temperature 
for two more hours, then 100 ml of dry ether were added to the flask, and the reaction mixture left till all the 
ammonia evaporated. On the following day the mixture was ueated with water, the ether layer es washed 


with water, and dried over CaCl. 
Reduction with sodium and sti alcohol in liquid ammonia was carried out in the above-described appara- 


tus; to 0.4 g-atofsodium in 250 ml of liquefied ammonia we added a mixture containing 0.2 moles of diene and 
0.8 moles of absolute ethyl alcohol. Mixing was continued till the mixture was decolorized, but not over 2 hours; 


further ueatment was as already described. .. 

Reduction with hexamminecalclum was carried out by a previously described method'[5-12} The molar 
Ca; diene ratio was 4:1. 
Investigation of reaction products was carrled out by fractional distillation in a column with 80 theoretical 
plates and by determination of properties of the fractions obtained. 


REDUCTION OF DIISOPROPENYL 


Ditsepropenyt was obtained by dehydration of 2,3-dimethylbutanediol-2,3 [13] had a b.p. at 
760 mm, nb 1.4395, 0,7276, MRp 29.67, found for CgHyg Fy 28.97; 0,70. 

I. We reduced 75.4 g of dilsopropenyl with hexamminecalcium, We obtained 57 g of hydrocarbon mixture, 
from which after boiling with maleic anhydride 39.4 g of olefin mixture was isolated. The results from the frac 
tional distillation of the mixture are shown in Table 2 and Fig. 1. 

The data from the fracuonation curve and a comparison of properties of Sei with the properties of 
olefins which might have formed in the reduction of dilsopropenyl (Table 3) showed that the reaction products 
contained about 9% of 2,3-dimcthylbutene-1 and 91% 2,3-dime*hylbutene -2, 

Il, We reduced 51 g of diene with sodium and alcohol in liquid ammonia; 24.9 g of reduction products 
were obtained. Properties of fractions obtained on distillation are given in Table 4, the fractionation curve {s in 


Fig. i. 


: ——. whose contents according to our fractionation curves did not exceed 4% 


In this case the principal reaction product was 2,3-dimethylbutene-2 with a small admixture of —— ; 
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REDUCTION OF DIISOCROTYL 


was from isomerization of dilsobutenyl in the presence of calclum amide; b.p. 134.4° 
a¢ 760 mm, ob 1.4780; d3°0.7627; MRp 40,82, calculated for CyHyy Fz 38.21, MRp increment was 2.61. 

I. We reduced 44.8 g of dilsocrotyl with sodium in Hquid ammonia; 38.7 g of hydrocarbon mixture was 
obtained. Fractionation curve is given in Fig. 2; properties ot iractions obtained are Usted in Table 5. 

Comparison of properties of obtained fractions with the properties of octenes which might form in the re- 
duction of dilsocrotyl (Table 6) shows that fraction 1 corresponds to salmaaa atinieack fraction 3 to 2,5- 
dime thylhexene-2, and the residue fa the flask to unreacted dilsocrotyl. 

The composition of che monoolefinic part of reduction products was cateuanns from the data in Table 6 and 
the fracuonation curve and Indicated the following amounts: 16% of 2,5-dimethylhexene-3 and 84% of 2,5- 
dime thy thexene-2. 

Il. We reduced 66 g of diene with sodium and alcohol in liquid ammonia and obtained 54.4 g of products. 
Fractionation curve is given in Fig. 2, properties of fractions in Table 7. ‘ 
a Fractions 1 and 2 corresponded to 2,5-dimethythexene-3, fraction 4 to 2,5-dimethylhexene-2, fraction 6 
: and residue to unreacted diene. Composition of monoolefinic part was calculated and found to be 29% 2,5- ° 

dimethythexene-3, 71% 2,5-dime thylhexene 4 
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ALKYLATION OF TOLUENE BY Cy, OLEFINS IN THE PRESENCE OF SULFURIC ACID 


lu. 1. Kozorezov and A. Z. Dorogochinskil 


(Presented by Academician B. A. Kazanskil July 23, 1958) 


In the manufacture of the most widespread group of synthetic wetting agents, alkylarylsulfonates, one usually 
uses the products of benzene alkylation by olefins with 10 to 15 carbon atoms. 


However, due to an ever increasing demand for benzene In various chemical syntheses, it became necessary 
to study the possibilities of utilizing other aromatic hydrocarbons, in particular, toluene. One encounters in the 
Uterature (1, 3-7] isolated statements on the need of utilizing toluene in the preparation of alkylarylsulfonates, 
yet no works had been published concerning the effects of various factors on the tates of toluene alkylation by Cy 
olefins in the Presence of sulfuric acid. 


It was recently shown (8} that in the presence of phosphoric acid the process of amylene (a oongusiien of 
the Cy fraction among the products of thermal cracking) polymerization provides great possibilities as a source 
_ of high-molecular olefins, predominanuy C49, suitable for the manvfacture of synthetic wetting agents. In con- 
nection with this, we conducted the present work for the purpose of studying toluene alkylation (in the presence of 
sulfuric acid) by the polymerization products of the pentaamylene fraction, 


We used In these experiments toluene with a b. p. 109.5-111°, p%” 0,8655, nzy 1,4956, teoutten number 0, 
and anamylene dimer 375". separated from a wide fraction of and possessing the 
following properties: pi? 0.7663, nt 1,4354, M ati and bromine number 120, which corresponded to 100% (by 
weight) of unsaturated hydrocarbens, 


Chemically pure sulfuric acid was used as a catalyst. 


Alkylation was carried out in a laboratory-made glass reactor consisting of a cylinder with a spherical bottom 
and 1 Miter capacity, equipped with a glass stirrer, mercury seal, a thermometer, a reflux condenser, and a dropping 
funnel for the addition of sulfuric acid. The reactor was placed in a bath which was supplied with a thermometer 
and a stirrer for a vigorous mixing of the cooling liquid. We carried out the experiment by placing a mixture of 
toluene and olefin fraction (at a preassigned ratio) into the reactor and then adced sulphuric acid with rapid 
stirring so as to ensure a constant temperature. The addition usually took 0.5 min. on account of a rapid removal 
of the heat of reaction. After the acid was added the reaction mixture was stirred for a fixed length of time, 
allowed to settle, and the hydrocarbon layer was separated from the acid; it was made alkaline with 5% aqueous 
sodium hydroxide, washed with distilled water, dried over calcium chloride, and fractionally distilled, yielding 
unreacted toluene, an olefin fraction, and the all-ylated product (fraction above 175°). Later the alkylated product 
was fractionated at 10-15 mm on a laboratory-made column with 20 theoretical plates and separated into two 
fractions, 175-220° and 220-300° (the desired fraction), and a esidue, above 300°, 


We carricd out numerous experiments to find out the effects of the following factors: concentration of 
original acid, time and temperature of reaction, molar ratio of olefins to toluene and acid to a meen on the 


alkylation of tolucne by amylene dimers (125-175° fractions). 

When the initial concentration of the acid was changed from 80 to 100% (by weight of the monohydrate) at 
10°, 60 min, rcaction time, molar ratio of olcfin to toluene 1; 7, and a 0.12 ratio by volume of acid to hydrocare 
bons, the yleld of alkylated products (fraction above 175°) changed froin 9.1 to a 5% (by weight of the — 
olefins) and had a maximum of 143 wt % at 96% acid strength, ; : 
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TABLE 1 


The Effect of Temperature on the Yield and Properties of Alkylated Products. Conditions: 96 wt. % iniual acid 
concentration, 60 min reaction time, volume ratio of acid to hydrocarbons 0.12, molar ratio of olefins to toluene 


1:7. 

| Alkylated product (fraction above 175°) Properifes of fractions 
§ | 23s Fractional composition, | 220-300°C 

"D 178 — | 220 — |Residue 20 9 20 
220° | 300° |fatove 4 4 

ai | 300° 
26 131,5 |0,8730 [1.4912 | 3,2 1,2 90,1 3,5 |0,8615 | 1,4890/ 0,8718 |1,4914 
23 0 135,7 }0,8719 |1,4919 | 3,2 10,2 86,8 1,4 |0,8645 | 1,4906] 0,8719/1,4920 
14 10 143,0 j0,8730 }1,4920 | 4,0 13,3 82,9 2,0 |0,8666 | 1,4920] 0,8746 |1,4921 
24 20 139,5 |0,8739 |1,4924 | 4,6 11,6 84,3 2,1 |0,8658 | 1,4915] 0,8744 |1,4926 
27 30 141,0 j0,8762 |1,4927 | 4,3 16,1 80,1 2,4 |0,8658 | 1,4926] 0,8748 }1,4928 
0,8837 |1,4918 20,9 15,8 1,7 |0,8658 { 1,4918] 0,8846 ]1,4913 


This change also lowered the bromine number 
of the alkylated product from 30.6 to 2.9. 


As may be seen in Table. 1, when temperature 
was rasied from -10 to +40° the yield of alkylated pro- 
duct changed rom 131.5 to 126% at 10-15". Moreover, 
the bromine number increased with rise in temperature. 


When the reaction time was changed from 0.5 
min (length of time the acid was added excluding the 
additional stirring) to 90 min (additicn time plus sub- 
sequent stirring) at 10°, 96% acid concentration, 1:7 
molar ratio of olefin to toluene, and 0.12 acid to 
hydrocarbon ratio, it was found out that the formation 
of alkylated product was practically complete after 30 
min, and that if the reaction time was increased above 


60 min a slight decrease in the yield of alkylated product 
occured. 
a o 0 @ % When the molar ratio of olefins to toluene was 
Yield of fraction in wt changed from 1: 0.5 to 1: 10, the yield of alkylated 
Fig. 1. product increased from 90.2 to 145.8% (by weight, 


based on the starting olefins) shaiply at first, attaining 
139.9% (by weight) at 1:4 molar ratio, then insignificantly. Moreover, the bromine number of the alkylated pro- 
duct decreased from 12.4 to 2.9. é 
’ We studied the effect of change in the acid to ptheeniienen volume ratios from 0.05 to 0.5 at 10°, 60 min 
reaction time, 96% acid concenfration, and a molar ratio of olefins to toluene 1:7, and found out that the yield 
kept increasing only until a 0.12 ratio was attained, and after that remained practically unchanged, 


The experiments we carried out enabled us to determine the following optimum conditions which guaranteed 
the maximum yleld of alkylated product: initial acld concentrauion 95-97% by weight of monohydrate, tempera- 
_ tire. 10-15°, reaction time 30-40 min, molar ratio of olefins to toluene 1; 4-1:6, volume ratio of acid to hydro- 
carbons 0.12. 
Under these conditions the yleld of alkylated product was 140-143% by weight of starting olefins. 


It was previously considered [5-2] that during alkylation of benzene and toluene with butylene in the pre- 
sence of sulfuric, hydrofluoric, and alkylsulfonic acids a considcrable depolymerization of the original (dimeric) - 
olefins took place with a subsequent alkylation of the aromatic hydrocarbon by the monomers. Our experiments 
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on the alkylation of toluene by aimylene dimers In the presence of sulfuric acid indicated that depolymerization 
occurred toa Icsser degree than was previously assumed. Under optimum conditions the 175-220° fraction =. 
which amyltoluenes ate concentrated) did not exceed 12-13% (by weight) of the alkylated products. 


Beside all this, the experiments showed that only the initial acid concentration and the reaction tempera-" 
ture had any appreciable effect on the yield of the amyltoluene fraction, When the acid concentration was de- 
creased and the reaction temperature raised, the yleld of amyltolucne fraction (175-220° fraction) in the alkylated 
products increased from 10.4 to 16.5 wt. %; as may be seen in Table 1, when the reaction temperature was chang - 
ed {n the -10 to +40° range, the yield increased from 7.2 to 20.9% (by weight) of alkylated products. 


Under near-optimum conditions: 10°, 60 min reaction time, 1:7 molar ratio of olefins to toluene, 0.12 
volume ratio of acid to  isrcramee we obtained alkylated products with the following properties. Unfractiona- 
ted alkylated product, pi’ 0.8730; nip 1 — M 216; ne number 4,0; aniline maximum point 18°, The 


175-220° of 0.8666; nty 1.4920; M 188, 5. The fraction of alkylated 
product: p4° 0.8746; nb 5 1.4921; M211. The residue above 300°: p}° 0.9010; ny } 1.4930. In Fig. 1 we have 
plotted the fractional Sictibsttnen curve for alkylated product (p) and the chisnateatia of its nacrow fractions. 
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RATE MECHANISM OFTHE REACTION BETWEEN METHANE AND NITROGEN DIOXIDE 


T. V. Fedorova, A. P. Ballod, Academician A. V. Topchiev, and V. Ia. Shtern 


The works found in the Iterature on the vapor-phase nitration of alkanes by nitrogen dioxide are generally . 
- concerned with the synthesis itself, and the hypotheses proposed for the rate mechanism of this reaction are based 
on indirect evidence [1-9]. One can most probably teject a molecular mechanism in such a nitration in favor of 
one involving free radicals. However, it is not clear until now whether it is a simple free-radical reaction or a 


chain process. We devoted the present work to the solution of this problemby establishing the formal kinetic 
 fegularides in the reaction. 


Earlier (10) we have shown that, depending on 

the Initial conditions, the nitration of methane by 

nitrogen dioxide took one of three courses for which 

the kinetic curves of pressure increment vs. time (Ap 

vs. (t) ) had different forms: a) slow reaction, b) reac- 

tion with a maximum on the Ap vs. (t) curve, c) com= 

bustion reaction, In the present communication we 

have reported experimental results obtained for the 

case of a slow reaction with a small degree of conver= _ 
Fig. 1. Kinetic curves of Sp - sion, The shape of kinetic curves for Ap vs. (1) and 


_ WS. (t) and PNO, vs. (t) fora PNO, ¥3- (t) in a slow reaction are shown in Fig. 1. 
In order to determine the orders of reactions 
T = 450". Proitial 200 mm. 
1) Pos 2) Op. with respect to the starting materials, we studied the 
NO, dependence of initial niuation rates on the concenura- 


tion of one component when the other was kept constant. 
The initial nitration rate was calculated from the amount of NO, consumed in the reaction. Since dissociation 


_ Of NO, proceeds simultaneously with the reaction between NO, and CH,, the initial rates computed from the coa- 
sumption of NO, are a sum of the nitration and dissociation rates, Therefore, to determine strictly the initial 
nitration rate (Wpj,,) we subtracted the initial dissociation rate of NO, (W4jss) from the total initial rate of the 
over-all process. Since a dilution of the 4 CH, ¢ 1 NO, mixture with nitrogen by a factor of 4.6 (from 100 to 450 
mm of Hg at T = 450°) had no effect on the initial reaction rates, then within the limits of the above-mentioned 
@ilution range there was no need to carry out the expcriments at a constant initial pressure. 


The order of reaction with respect to CHy was determined at a constant initial PQ, = 40 mm, for mixture 
varying In composition from 1 CH, ¢ 1 NO, to 12 CH, ¢ 1 NO. The corresponding data are shown In Fig. 2. The 


order of reaction with respect to CHy, as determined from the po of the line obtained, was 14 0.1, Le., prac- 
dcally one. 


To determine the order of reaction with respect to NO,, we carried out three sets of experiments at Te450° 
with constant initial PCH, equal to 100, 153, and 200 mm of Hg. Moreover, utilizing the already known order with 
fespect to CHy, we transformed to Poy, = 200 mm the results obtained in a series of experiments with initial 


" Por, equal to 100 and 153 mm of Hg. The data are shown in Fig. 3. after the data was processed by the method . 
of least squares we obtalncd a Mnear equations - 


Ig Wate 112411 1g 


. 
. 
= 
: 
: 
: 
Pee 
—_ 
945 


whose slope yave the order of reaction with respect to NO, as equal to 1.1. Thus, the order of reaction with 


fespect to NO, as well as to CH, was practically equal to one. ‘i : oo 


Fig. 4 


Fig. 2, Determination of the order of reaction between CH, and NO, with respect © 
to CH, at T = 450° and Pyg = 40mm. 1) Mean square error in the determination 
. of the logarithm of the rate of NO, consumption; 2) mean square error in the de- 

termination of the logarithm of the rate of NO, consumption plus the logarithm of 
CH, concentration. 


Fig. 3. Determination of the order of reaction between CH, and NO, with respect 
to NO, at T = 450°. The values of Pcp, (in mm of Hg) are: 1) 200; 2) 153; 3) 

100. Results of a serics of experiments carried out at Po,, equal to 153 and 100 

mm of Hg transformed to Pox, + 200 mm: 4) mean square error in the determi- 
nation of the logarithm of the rate of NO, consumption plus the logarithm of ‘NO, 
concentration; 5) coinciding result of two measurements, - 


Fig. 4. Determination of the activation energy for the reaction between CH, and 
NO,. 4 CHg + 1 NO, mixture. 1) Results of a series of experiments carried out at 
Pi, = 50 mm; 2) transformed to Py, = 100 mm; 3) mean square ertog in thé de- 
termination of the logarithm of the rate of NO, ne 4) a coinciding re- 
sult of two measurements, 


TABLE 1 


Determination of The Activation Energy for The Reaction Between Methane and Nitrogen Dioxide by The Me- 
thod of Comparing The Methane Nitration and Nitrogen Dioxide Dissociation Rates, Egic, = 26.9 kcal/mole, 


Faiss = 9-05; 2.0. 


Expt. No. P P P Ww Ww 
TC CH: NO; }— = mond E, kcal/mole 
mm of Hg ; mm of Hg 
325 450 1:1 78,5 39,25 39,25 0,67 1,14 | 29.5 4 2,5 
450 450 6:1 239 200 39 3,42 1,14. | 29,54 2,5 
i7 500 2:1 52,5 35. 17,5 4,0 0,8 28,44 1,4 
193 500 4:1 103,5 82,8 20,7 3,44 1,1 29,4 2 2,4 
508 443 4:1 100 80 20 0,68 0,22 | 29,2 4 2,2 
315 450 (431 121,4 97,8 23,6 0,42 


Activation energy for the between and NO, was from the Arrhentus 
Equation for a 4 CH, 1 NO, mixture in the 400-500° temperature range and with Py, = 50 and 100 mm of Hg. 
Results of a series of experiinents carried out at Pi, = 50 mm were transformed to Py, = 100 mm; this, of course, 
could now be donc, since the orders of reactions were already known. The initial nitration rates were determined, 
as was mentioned before, from the difference between the total initial sate of NO, consumption and the initial 
NO, dissociation rate. The data for the determination of Enjir are shown in Fig. 4, The line corresponds to the 
equation derived by the inethod of least squares, . 


Wha, Wry, 
Fig. 2 Fig. 3 
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Ig Water 9-2 — 6.5 10°, 
The slope gives a value of = 30.5 kcal/mole. 


“In our case, where we studied a process consisting of two concurrent reactions (nitration of the hydrocarbon 
and dissociation of NO,), we were able todetermine the value of nit by another independent watts namely, 
by comparing the rates of these two reactions, 


Let us write the rate equations for the»: two reactions at the same temperature and NO, concentration, 
Waiss = Not, qu) 


where Z = collision number, f = steric factor. Let us divide Equation (1) by Equation (II) and take the logarithm 
of the quotient. ‘ 

, 1, (CHI RT_ 

Siting, to the data [11] Ediss = 26.9 kcal/mole, f gj,, = 0.66; according to the data (12) Eyi,, = 27.1 kcal/ 

/mole, andaccording to our data Ey;,, = 27 kcal/mole. The steric factor in the nitration . niu) 1s not known. | 

In general, it varies from 10~ to 1 in bimolecular reactions, 


If we use the extreme values of f ni;, we get: for fa nite = 10% ,iep = 18.4 keal/mole, while for f nite 2 1, 
Eniur = 31.9 kcal/mole (for initial conditions see Table 1, Expt. No. 325). It is possible, however, to narrow 
down the range of E,;,, values. The ratio Writ/Wajcg increases with increase in temperature. Thus, for the 
composition 4 CH, + 1 NO, at Py, = 50 mm and 400°, Woitr/Weaiss = 3, while at 500° Wi4,./Wais, = 12.5. Con- 
sequently, the value cf E,;,, should be larger than E4j.5. 1. €.. Eniyy has to be in the range of 27-32 kcal/mole. 
Table 1 lists the data from the determination of Ejir by the comparison of CH, nitration and NO, dissociation 
fates at various temperatures and compositions, 


After comparing the values of E,;,, determined by the Arrhenius Equation with the ones determined from 
the ratio of two concurrent reaction rates, we settled for the value E,;,, = 30 kcal/mole. 


Having chosen a value for Enjr, it was then possible to estimate f nite by substituting experimentally deter- 
mined rates in Equation (I). The steric factor in the nitration of methane by NO, turned out to be 0.5. 


Experiments were also designed for the purpose of determining whether the nitration of methane was a 
homogeneous or heterogeneous reaction, Replacement of a quartz reactor by one made of molybdenum, aging 
of reactor, changing the S/V ratio from 0.97 to 20.0, and coating the reactor walls with KC1 did not have any — 
noticeable effect onthe reaction rates. From this we could conclude that the reaction was homogeneous, 


The above-described kinetic investigation of the vapor-phase nitration of CH, by nitrogen dioxide led to 
the following expression for the rate of this reaction, 


A question arose as co whether the measured reaction rate was determined by the slowest bimolecular step 
in a free-radical reaction or whether It was the rate cf a complex chain reaction which behaved Like a bimolecu- 
lar reaction. A series of authors (3, 4] have proposed the following initiating step in the apenas 


RH + R+ HNO). 


Currently there have appeared in the Iterature data proving the existence of HNO, in the gas phase [13] as 
well as values for the heat of formation of gaseous HNO, [14, 15]. The latter make it possible to calculate the 
thermodynamic Heat of Reaction (1) (for methane) and to make an approximation to the activation energy, 
assuming that the empirical formula of Semenov-Polangi [16) for an endothermic free-tadical reaction is applice 
able. For AHinig =~ 13.7 kcal/mole (14} 32.7 kcal/mole, and for AHino, =-20 {15}, 
Entity = 27.9 kcal/mole. 


Thus, the activation energies calculated fee Equation (1) are close to the ones determined in this work from 
experimental data, 
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it bs also striking that in the nitration we obtained first order rates with respect to CHy and — e-» the 
same dependence on initial concentration as in ‘Equation (1). : 

AU this leads us to the conclusion that the kinetics we obtained fos the nitration of methane were determined 
by Reaction (1), which was therefore the rate-determining step in the whole reaction. 


Advitional support for this conclusion came from the results obtained in our laboratory by 1. V. Patsevich, 
who showed that the activation eneryics of the two routes which the reaction between alkyl radicals and NO, 
could take, RNQ, -R + NO, RONO differed by ~ 1 kcal/mole, while the steric factor was 0.6. Consequently, 


at 450° the rate ratio W,/Wy = 0, 1.2. 

Since each time RNO, is formed it constitutes a chain eeeninanies then the maximum chain length in the 
nitration reaction can not exceed two inembers. With such rate ratio between reactions (a) and (b) the nivation 
cannot be considered a complex chain reaction which behaves like a bimolecular reaction. 


As a result, the mechanism of inethane nitration (if we can dizzegard secondary reactions of intermediate 
compounds) boils down to the following. The slow initiating step in which alkyl radicals are formed as in 
Equation (1) (Evite = 30 kcal/mole, $ sine = 0.5) is followed by a reaction between these radicals and NO,; this 
teaction evidently has a small activation energy and proceeds by route (a) or (b), since NO, is a radical-like 
molecule. Therefore, it can be assuined that the calculated activation energy, 30 kcal/mole is - energy of -, 


the initiating step. 


Peroleum Institute Acad. Sci, USSR Received July 18, 1959. 
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SYNTHESIS OF p-AMINO ACID DERIVATIVES OF ADENILIC ACID 


Z. A. Shabarova, L. G. Satarova, and M. Prokof*ev 


(Presented by Academician A. N. Nesmelanov July 16, 1958) 


It is known that amino acid and peptide derivatives of nucleic acids and nucleotides play an Important 
part in a series of biochemical processes, including the directed synthesis of albumin. However, the chemisuy 
of these compounds Is still {n an early stage of development. Of the Various types of amino acid and peptide 
derivatives the compounds in which amino acids are linked to the mononucleotides through a phosphate radical 
have a particular function in biochemical processes. Hence, the synthesis and study of properties of such com- 
pounds were the primary objectives of this work. . 


We synthesized two types of amino acid derivatives of adenosine -5*-phosphates 


Compounds of type (1), containing a phosphoamino linkage between the nucleotide and amino acid, have 
not been described in the Mterature, although the existence of such a linkage between the nucleotide and amino 
acids {n living organisms had already been discussed [1}. 


We synthesized these compounds from 2°: 3°-lsopropylideneadenosine -5" -benzylphosphite (111) by ueat- 
ing it with an ester of amino acid in the sate - — 


"eWe used the method of amine phosphorylation denial by Todd and co-workers (3) which consisted of a 
reaction between esters of phosphoric acid and primary amines in the presence of CCl. 
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The physical constants and ylelds of the synthesized esters of N-adenilamino acids are Isted in Table 1: 
. GHtHO 0 
CH,CH,-O NII—CH—COOH 


According to the literature data (4), the PN bond In compounds of type. 
have a characteristic I.R. frequency, 11.38-11.60y. The esters of N-adenilamino acids synthesized by us also 


had a characteristic frequency in the 11.48-11.59y region (sce Table 1). 


TABLE 1 


U. V. absorption 

feld, M., p. (with 
Name of Compound teristic 
°C Amax, mp Re B 


Ethyl ester of N-(2°: 3°-isopropylideneadeno- 62,5 88-90 260 . | 13250 11,59 
sine -S*-benzylphospho)-phenylalanine 

Methyl ester of N-(2°: 3°-isopropylideneadeno-]| 52 60-63 260 | 11500 11,48. 
sine -5°-benzylphospho)-glycine 

Methyl ester of N-(2°: 3°-isopropylideneadeno-| 44 68 — 712 260 9500 11,56 


sine -S°-benzylphospho) -leucine 


The proposed method of synthesizing esters of N-adenilamino acids is simple to carry out and ensures suf- 
ficiently high yields; therefore, it can be considered a good general preparatory method and can, obviously, be 
extended to other nucleotides, 


To study the stability of the P —N bond in the synthesized compounds, and also to obtain additional struc- 
ture proof foc compounds of type (1), we hydrolyzed them with alkali and acids. We found out that the P—N 
bond in compound (1) is readily hydrolyzed by acids (0.1N, 30 min, 100°), less readily by alkali (2N, 30 min, 100°). 
Chromatographic analysis of hydrolysis salen showed the presence of amino acids and of nucleotide decompo- 
sition products. 


Methods of synthesizing mixed anhydrides of adenilic and amino acids have in recent years been very 
intensively investigated. It was established that mixed anhydrides formed when adenilic acid or its salts reacted 
with: acyl chlorides of amino acids (5S), thiopheny] esters of amino acids snag mixed ) anhydrides of amino acids 
and carbonic acid monoesters [7], a-azidoacids [8] 


We succeeded in synthesizing mixed anhydrides of adenilic acid with eee and cbz-glycine from 
2°: 3°-Lsopropylidene adenosine -5*-benzylphosphite according to the following schemes 


cH 

4 -cbs 
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Since we were Intcrested In finding out how readily would compound (II) react with amino acids to form 
peptides, we did not {solate the compound but allowed it to react with the amino acid ester, In this way we pre- 
pated mixed anhydrides of 2°: 3°-isopropylideneadenosine-5' -benzylphosphoric acid with cbz-glycine (Ila) and 
cbz-leucine (1lb). Compounds (11a) and (Ilb) reacted with methy] esters of phenylalanine and glycine,respectively, 
to form the esters of cbz-glycylphenylalanine and cbz-leucylalanine. The formation of dipeptides was established 
chromatographically. 


EXPERIMENTAL 
Ethyl ester of N-(2°: 3° -isopropylideneadenosine -benzylphospho) -phenylalanine (1a). 


To a solution of 0.08 g of dry 2°: 3°-isopropylideneadenosine -5°-benzylphospho -phenylalanine (1a) (2) in 
5 ml of absolute CCl, we added 0.1 g of freshly prepared ethyl ester of phenylalanine in 2 ml of absolute CC. 
The reaction mixture was left overnight, then evaporated in vacuo, and the residual ofl dissolved in chloroform. 
The chloroform solution was washed with water, 0.1NHCI, conc. NaHCO,, and with water again. After drying 
the solution over MgSO, we evaporated the chloroform in vacuo and dissolved the oil in 1 ml of benzene. The 
benzene solution was poured with stirring Into dry petroleum ether (40-60° fraction). The precipitate was separa- 
ted by decantation, The compound was purified by two-fold reprecipitation and dried in vacuo (5 mm) over 
P30, at 37°, The yleld of compound (Ia) was 0.069 g (62.5%). M. p. 88-90° (with decompn.). . 


Rf = 0.91 ina n-butanol + water + acetic acid (5: 3: 2) system (system (I). 
Rf = 0.93 in a system of n-butanol saturated with water (system (II), 


Found % C53.45; F 5.96; N 11.76; P 4.20 Calculated C 53.14; H 6.14; 
N 11.90; P 4.30. 


U. V. absorption (in 95% C;H;OH): Amax = 259-260myp (13,250). Characteristic 1. R frequency =11.59p. 


Acid hydrolysis of compound (Ia). A solution of 5 mg of compound (Ia) in 2 ml of 0. 1N H,SOQ, was refluxed 
for several hours. At fixed time intervals samples of the hydrolyzed product were analyzed chromatographically 
on an ascending column in system (1). After 39 min, chromatography Indicated that the starting material (Ia) 
dissappeared from the hydrolyzed mixture while phenylalanine (Rf = 0.72) and a compound with Rf = 0.47 and 
absorbing in U. V.* appeared. The aqueous-alcoholic onet fraction of the R ia 0.47 spot had a U. V. absorp- 
tion maximum at 258-260 my. 


Alkaline hydrolysis of compound (la). The P — N bond in compound (la) was not hydrolyzed when refluxed 
for two hours in 0.1N NaOH. The chromatogram showed only the starting materials, When compound (Ia) was 
refluxed for 30 min in 2N NaOH, phenylalanine was cleaved and detected chromatographically (Rf = 0.72 in 
system (I). 


‘The methyl ester of N-(2°-: 3° -lsopropylidene adenosine °5*-benzylphospho)- glycine (Ib). 


Compound (Jb) was prepared from compound (III) and methyl ester of glycine by the same method as com- 
pound (Ia). The yield of compound (Ib) was 527%, m. p. 60-63° (with decoinpn.). Ry = 0.91 in system (1). 


Found %: N 13,62; P 4.76. Calculated %: N 13.95; P 5.14, 
U. V. absorption (in 96% = 260myp (€ = 11,500), Characteristic I. R. frequency 11.48 p, 


Acid (0.1N H,SO,) and alkaline (2N NaOH) hydrolysis of compound ™ proceeded similarly to that of 
compound (Ia). 


Glycine (Ry = 0,37 in system (1) ) was detected chromatographically among the hydrolysis products, 
Methyl ester of (Ic), 


It was synthesized from compound (III) and the methy! ester of leucine in the same way as compound (Ia), 
The yleld of (Ic) was 44%. M. p. 68-72" (with decompn.), = 0,93 in system (De 


Found %: N 12.2; P 4.3, Calculated %: N 12.8; P 4.7. 


* Detected when the chromatogram was scanned in a Broomberg Chemoscope, 
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Alkaline (2N NaOH) and acid (0.1N H,SO,) hydrolysis of compound (Ic) splits out the amino acid Just as in 
compounds (Ja) and (Ib). Leucine was detected chromatographically (Ry = 0.73 in system (I) ). 


Mixed athydride of 2°: acid and cbz-leucine (Ila). 


We addeW 0.10 g of N-chlorosuccinimide to 0.2 g of compound (III) dissolved in $ ml of absolute benzene 
and 3 ml of absolute CH\CN (9J. After 2 hours the solution was filtered. We added to the filtrate 0.07 g of dry 
silver salt of chz-Icucine (10] dissolved in 5 ml of absolute dioxane, The mixture was left overnight. The residue 
was filtered out, and evaporated in vacuo. The ofl was triturated in absolute ether, To the ether extract (Ila) we 
added 0.1 g of incthyl ester of glycine. The solution was left for 24 hours, evaporated, and separated chromato- 
graphically in a system of n-butanol saturated with ammonia (system (II) ). After being dried the chromatogram 
was developed in benzidine. A spot with R¢ = 0.93 was detected; methyl ester of lahat ac when placed 


on the chromatogram as a control also had Re = 0.93. 
A mixed anhydride of 2°:3°-isopropylideneadenosine-5*-benzylphosphoric acid and cbz-glycine. 
It was similarly prepared from compound (III) and Ag salt of cbz-glycine. : 


The anhydride was extracted with ether and allowed to react with the methylester of phenylalanine, We _ 
chromatogtaphically detected the methyl ester of cbz-glycylphenylalanine (Ry = 0.67) in system (III) ). ~ 


July 10, 1958 


M. V. Lomonosov Moscow State University 
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REACTIONS OF OXIDE RADICALS OF TYPE RO- 


lu. A. Aleksandrova, Huang Yi-Li,A. N. Pravednikov, and Academician 
S. S. Medvedev 


Theoxidatioa of hydrocarbons, in particular carbon-chain polymers, proceeds through the formation of 
hydrogen peroxide compounds which decompose under the conditions of the reaction to form radicals of type 
RO-; it was Interesting, therefore, in connection with this to study reactions in which these radicals participate, 
These reactions were chiefly investigated by the use of model systems in which RO- radicals were formed by 
decomposition of dialkyl peroxides. We found out, that when di-tert-butyl peroxide decomposed in hydrocarbon 


solvents the main reaction pioducts were acetone, tert-butyl alcohol, and methane; the following scheme was 
_— to account for the formation of these, 


(CH,)s CO--+ R’H (CH), COM + 


According to this scheme, the ratio between the concentration of acetone a and tert-butyl alcohol b,a/b= 
=k,/k,—1/[R°H] (where R°H = solvent concentration). With the help of this equation and by using data on 2 the 
formation of acetone and tert-butyl alcohol at 135°, Brooks calculated [1, 2} the values of k,/k,-1/[R'H]) for the 
reactions of tert-butoxy radicals in various solvents. The values he found were in the range from 0.05 to 0.5, 
which indicated that reaction (I) proceeded at an appreciable rate, One would think that in the case of polymess 
the reaction would lead to a rupture of C-C bonds in the polymeric molecules, and that consequently to a lower- 


ing of the molecular weight. The activation energy Ey — EF, 8 kcal/mole determined in that same work indicated 
that at higher temperatures the role of this reaction would increase, 


Investigation of the di-tert-butyl peroxide decomposition products at 195° showed (3] that at that tempera- 
ture the yleld of acetone exceeded that of tert-butyl alcohol by a factor of 12, which indicated a — activa- 
tion energy than that found by Brooks, 


If we start from the scheme shown above, then the data onesie iadneme that at these temperatures al- 
most all the decomposition of tert-butoxy radicals is accompanied by a rupture of C—C bonds; this conflicts 
with the data found in the literature on the thermal decomosition + oxidation of carbon-chain polymers (4). 


The above-listed data provide a basis for the assumption that the formation of acetone during decomposi 
thon of di-tert-butylperoxide results not only from reaction (1), but also from some other kind of a reaction whose 
fate strongly depends on temperature. One such reaction could be that of RO- radicals with each other. At lower 
temperatures, when the concentration of RO* radicals Is low, the rate of this reaction, as Brooks® data indicated, 
is comparatively slow, When, however, the temperature fs raised (or when peroxide concentration Is considerably 
increased) the concentration of RO-radicals in the system, and consequently the rate of this reaction will sharply 
increase; this will in tura result in higher yiclds of acctone as compared to the yield of tert-butyl alcohol. 


In order to verify this assumption, we investigated the decomposition of di-tert-butyl peroxide at 120-150 
in {sopropylbenzene solution over the 4-16 wt. % concentration range, = concentrations of reaction products 
were deterinincd by the use of infrared spectra: acetone by the 1714 cm*® absorption band tert-buty! alcohol 
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TABLE 1 


a The Quantity of Acetone and Methane Formed During 
Decomposition of Peroxide at 135° 


| Cinit, m, moles/ 
moles/liter | a,moles/liter] liter | m/fa 


mole/iiter 0,268 0,101 0,0846 | 0,838 
= 0,356 0,130 0,1035 0.796 
0,75 
Fig. 1. The dependence of acetones 
tert-butyl alcohol molar ratio oa 
the Initial concentration of peroxide, 
1) 120°; 2) 135°; 3) 150. 
) ) ) 
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Fig. 2. Determination of a. 

1) 120°; 2) 135°; 3) 150°. oun 

—— 

Fig. 4. Determination of ace 

tivation energy. 


1) ky/ ky 2) ke 


by absorption in the 3000 em"! region, peroxide in the 
878 cm"! region (also fodometrically); methane was 
determined volumetrically. 


wa 7; —~@ ne The data given in Fig. 1 show that the value of 
Gattfin of a/b ratio increases with increase in peroxide con- 
centration, This indicates that the formation of these 
stants, k,/\e. compounds fs not a first-order reaction with respect to 
1) At 120°; 2) at 135°; 3) 15¢°. peroxide concentration, Besides, as may be seen in 
Table 1, the yield of methane is lower than that of 
acetone, and the higher the peroxide concentration 


Fig. 3. Determination of the ratio of rate con- 


(Ciniz) the larger the difference between their yields. 


The formation of acetone in the reaction between two RO- radicals can be described by the following 
scheme, 


In this case the total rate of acetone formation Is ae 


4 


The rate of peroxide decomposition Is 
dc 
DC. 
Dividing (1) by (2) we will get 


da _ ky (RO-} ky 
The concentration of RO- radicals in the system will depend on the conditions of stationary state 
= ky + ky + ky [RO-) 
The concentration of RO-can be approximately expressed by equation 
[RO-} = (5) 
where the number a depends on the ratio between the rate constants of the first and second-order rupture (with 
tespect to radicals) and also on the concentration of RO- radicals. Equation (5) in (3), we obtain 
=" ke (8) 
tategrating this equation from a= C = Cinir to a we get 


The bulk of reaction products Is formed before the seumuneentes of radicals in the system undergoes any 
appreciable change. Therefore, a can be assumed to remain constant during the whole reaction, and it can be 
calculated from the data on the formation of methane during peroxide decompositions 


aM 
via Equation (8) by (2) and taking Equation (5) into account, we get * 

_ _ kika .a-! 
Integrating this equation from M = 0, C= Cini to M = M, C = O, and taking the logarithm of the resulting 
"expression, we get 


Ig M = Ig + 1g Cinie (10) 
It may be scen in Fig. 2 that the experimental points fall satisfactorily on the lines expressed by this 
equation, The slopcs of these lines correspond to the following values of a: at 120 a= 0,94; at 135° a@ = 0.86; 


at 150 a@ = 0.81. As one would expect, with Increase in temperature the second-order rupture rate assumes a 
more important role, 


In principle, alcohol could also be formed by a ee ocean reaction with tespect to concentrations of 
RO- and radicals, 


CO» + CH, — — CON 4- —C = CH. (v) 


In this case 


Noting thai [R') = (n-[RO-} )= kc where = total concentration of radicals, we can 
similarly get 
M ky (R°H) + ky (a + 1/3) Cha 2ky (Cinit + 


If the experimental data, however, are plotted withb/M as a function of C, a straight line parallel to the 
abscissa {s obtained, This indicates that alcohol is forined only by a first-order reaction, The reaction between 
RO* and R’- radicals, obviously, will not give an alcohol, but an ether, 


tt, 


(12) 
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‘Thus, the equation involving b can be written in the following form, 
kk a 
Dividing Equation (7) by (13), we will get 


alk 1 kg ke 


(13) 


(14) 


By plotting the experimental data with b (R°H) as a function of (Cinte + Chin) we will get straight tines 


whose slopes will beky kg /2k;, and whose intercepts on the ordinate will be (Fig. 3). 


Activation energy Ey — & equals 7 kcal/mole, but for processes which are characterized by the expression 
ky kq/k, and represent second order (with respect to concentration of RO* radicals) reactions leading to the for- 


mation of acetone;the activation energy is ° 17.5 kcal/mole (Fig. 4). 


Consequently, the formation of acetone duting decomposition of di-tert-buty! peroxide in hydrocarbon 3 
solvents at temperatures of the order of 200 is to a large extent connected with the bimolecular reaction (IV) and 


not with the monomolecular decomposition of RO* radicals. 


In the case of high polymers, reaction (IV) should cause a pronounced change in the molecular-weight 
distribution; this actually takes place in highly oxidized polyethylene, where the change is accompanied by the 


appearance of ether bridges between macromolecules [5]. 


L. la. Karpov Physicochemical Sci. Res. "Received Sept, 29, 1958 


Institute. 
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USE OF BOILING POINT MEASUREMENTS IN THE PHYSICOCHEMICAL ANALYSIS OF 
BINARY LIQUID SYSTEMS *; 


M. P. Dianov and N. A. Trifonov 
(Presented by Academician B. A. Arbuzov June 12, 1958) 


One of the properties of a liquid — vapor equilibrium fs the boiling point. It may be used to characterize 
the compositions of liquid systems in the same manner as melting point is used to characterize the compositions 
in solid phase, Successful application of solid state thermal! analysis, as well as results of vapor pressure studies 
on solutions indicate that boiling point measurements can also be used in physicochemical analysis (1, 2]. 


At the present time there {s a large number of systems which have been investigated through the study of 
thelr boiling points; moreover, the most detailed studies were carried out on systems with no chemical affinity 
but possessing one associated component [3]. Irrational systems, which rumber about 300 (13, 10), and ideal 
systems have been studied in less detail, However, a large part of these investigations were carried out in search — 
of azeotropes, frequently without a complete investigation of the boiling points of systems. Rational systems- 
have not so far been studied ebuiliometrically, with the exception of P,O; — H,O, which was not completely 
investigated either [4}. 


The experimental material, {ts classification and theoretical treatment in the literature are Inadequate 
proof for the uses of boiling point measurements in physicochemical analysis. For this it {s necessary to Investi- 
gate the effects of chemical affinity between components on the boiling points of their systems. In other words, 
it is necessary to carry out a series of typical rational,then irrational systems, having established beforehand the 
forms of boiling point isobars of ideal and associated systems. 


It is known that the vapor pressure of an ideal system is linearly dependent on the molal composition 
(Raoult’s law). Consequently, the boiling point curve of an ideal system is slightly convex to the composition 
axis, Curves of this t ze are found in the literature. However, a shallow minimum is possible on the isobar if 
the boiling points of components are sufficiently close 


A boiling point curve of associated systems which exhibit a positive deviation from Raoult's law is convex 
towards the concentration axis of the graph and {s located below the ideal boiling point {sobar. 


To complete the data of other authors we investigated two such systems: dioxane — ethylene glycol and 
altrobenzene — isobutyl alcohol. Their boiling point isobars are of the same type and exhibit a considerable 
negative deviation from the ideal curve. This is connected with the fact that the molecules of the associated 
component dissociate in solution, 


Determinaticns of the boiling point and vapor composition were carried out in an ebulliometer, which was 
a slightly modified form of V. A. Kiteev's (6) and Sventoslavskii's (7) Instruments, An electromagneticaily re- 
~ — gulated manostat was used to maintain a constant pressure in the apparatus, Temperature was measured on 
calibrated mercury thennometers; the composition of the condensate was determined refractometrically and in 
fsolated cases by measuring other physical properties of the condensate. 


_ Bolling point lsobars of rational systems may exhibit three types of singular points: upper, middle, and 
lower. 


We investigated six rational systems and obtained two types of boiling point {sobars (with upper, and 
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middle singular points). The most characteristic curves of the first type were obtained for the siaevedinia ~al- 
lylisothiocyanate and ethylenediamine — allylisothiocyanate, 


Boiling point curves of the first one (Fig. 1) consisted of two branches convex towards the composition axis 
and intersecting at a singular point which corresponded to a 1:1 component ratio. The latter circumstantce 
indicates a formation of an undissociated compound C,H;NHCSC,H,,N which was also detected in the curves of 
other propertics [1], On the vapor composition curve the singular point corresponding to the compound does not 
show up too accurately, A similarly shaped condensation curve, where the branches creep at first alongside the 
ordinate and then changing disection, meet at an obtuse angle, can be explained by the fact that the a 
formed has a much higher heat of vaporization - boiling point than the components, 


. 
mz 


The boiling point fsobar of the C,H,NCS — C,H,(NH;,); system did not essentially differ from the one pre~ 
viously described and had a singular point at 66.7 mole% of C,H,NCS. This indicated a formation of an un- 
dissociated compound (C3H, NHCSNH)GH,, which conformed with the data on other properties of the system (8), 


ae, Boiling point {sobars with a middle singular point at 50 mole% (ordinate value) are exhibited by water — 
~acetic anhydride and diphenylamine — maleic anhydride systems, 


The condensation curve of the water — acetic anhydride system (Fig. 2) consists of two branches with dif- 
ferent signs of curvature Intersecting, same as the vaporization curve, at a singular point, which indicates that 
the vapor contains some undissociated compound (acetic acid). 


. We were unable to detect experimentally any boiling point isobars with a lower singular point, and there 
is no mention of these in the literature. However, using the Method of Models (9), one can conclude that this 
type of a boiling point isobar {s geometrically possible. 


Alongside singular points one can also have on the fsobars azeotropic mixtures composed of the compound 
and one of the components, This was observed in the systems we investigated: diethylamine — phenylisothio- 
cyanate and ethylaniline — phenylisothiocyanate., The formation of an azeotrope with a minimum In the first 
{Fig. 3) and a maximum boiling point in the second system indicated the stability of the thiourea formed and 
{ts existence as an individual compound at the boiling point. As one would expect, the ordinates of the singular 
points on the boiling point isobar are not displaced with a change in pressure, but on the contrary, the composition © 

of the azeotrope changes. 


By leveling the singular points of rational systems and smoothly ‘soins the branches of the boiling point 
fsobars we obtain the corresponding types of isobars of irrational systems. Among irrational systems the formation 
of a compound most frequently leads to the formation of a minimum on the vapor pressure isobar and a corres 
ponding maximum on the boiling point isobar (10). 


In these systems, the composition of the azeotrope (resulting from compound formation) can differ toa 
large or small extent from the composition of the compound; the location of a maximum on the curve depends 
on the difference between the. boiling points of components, 


When a comparatively stable and not highly volatile compound fs formed in systems whose components do. 
not differ a lot in their boiling points, then the composition of the azeotropic mixture should be close to that of 
the compound, and ir certain systems, also coincide with it (3). In these cases one can affirm that the maximum 
azeotrope represents a chemical compound. 


This deduction would be particularly convincing if the composition of the azeotrope showed no displace-: 
ment with change in pressure and coincided with the extrema on the isotherms of other properties which indicated 
compound formation in the system. 


As examples of such systems we can use: SO, [11], HCl [12), (C,H,); (13), 
systems including BF, (3), and others. 


We cartied out anebulliometric study of five {rrational systems. The boiling point {sobars of the stannic 
chloride — ethyl acetate systems (at 52 and 100 mm os Hg) consisted of continuous curves with maxima at 35.0 
and 36.0 mole% respectively. 


In our opinion, these data indicate that a reaction occurred In the system with the formation of compound 
-SnCl+2CH,;COOG,H,; this is ia agreement with the results obtained from the study of other physical properties, - 


A system similar to the one investigated Is that of PC]; — CsH,CHO,. Boiling point curves at five different 
pressures consist of two sections convex towards the compo. ition axis and Joined at a clearly defined maximum; 
the maximum {fs at 76.0 mole% at 152 mm and 79 mole% of C,H;CHO at 360 mm of Hg. The maximum of - 
boiling point isobars fs at a composition close to that of previously obtained extrema on isotherms of other pro= 
perties (14) and characterizes the formation of the compound PCl,°3C,H,CHO in the system, 


The boiling points of chloral — water and chloral - ethyl alcohol systems have been previously investigated 
in part. The boiling puint Isobar of the first onc at 740 mm (15) (Fig. 4) exhibited no characteristic singularities - 
which might have Indicated compound formation in the system. However, boiling point isobars which we obtains: 
ed at lower pressures consisted of smooth curves with a maxisnum at approximately 50 mole% of CCI,;CHO; it 
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characterized the formation of the compound CCI,CHO*H,O (CCI;CHO*>C,H,OH) In the other system). There 
is sone data indicating that the above-mentioned compounds exist in the vapor phase (16). 
As a result of the lavestigation carried out we have shown that the boiling point and vapor composition 


Measurements agree with the data on other physical properties and actually supplement them. The data enabled 
us to establish the existence of interactions in the Mquid and vapor phases of the systems me to characterize the 


stability of the formed compounds under conditions at the boiling points. 
All this leads us to the conclusion charabulitoscple measurements can provide an ee method {n the 
physicochemical analysis of eyes systems, 


Received June S, 1958 
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CHROMATOGRAPHIC ANALYSIS OF Cy, HY DROCARBON MIXTURES 


A. A. Zhukhovitskif, Academician B. A. Kazanskil, D. D. Sterligov, and 
N. M. Turkel*taub 


When isopentane {s dehydrogenated to fsoamylene and {soprene,a multicomponent mixture of hydrocarbons 
is formed which is essentially composed of C, saturated and unsaturated hydrocarbons, According to the litera- 
ture and our own data [1-4], the investigations on such mixtures were carried out by the use of complicated and 
tedious physical and chemical analytical methods. Therefore, the purpose of thls work was to work out a fast 
and sufficiently simple method of quantitatively analysing lsopentare — lsoprene — isoamylene mixtures, 


It is known that chromatographic methods of analysis are the fastest, and many investigators make use of 

various applications of chromatography in separating gaseous and liquid hydrocarbons, Among the possible varla- 

* tions of chromatographic analysis the widest success was achieved by partition chromatography [5] and thermal 
chromatography [6]. In the present Investigation a combination of these two methods was successfully applied to 
the analysts of C; hydrocarbon fractions. The method was worked out on pure individual hydrocarbons and on 
their artificial mixtures, A Universal Chromothermograph (7) was used for the analysis. Both thermal chro- 
Matography and ges — liquid partition chromatography take place In this apparatus. As adsorbents we used 
aluminum oxide and diatomite impregnated with dibutyl phthalate (25% by weight of adsorbent). The movable 
temperature gradient, produced with the help of our electric heater, was 2° per 1 cm when the temperature-dis- 
tribution down the heater length was from 20 to 100°. The temperature of the column filled with diatomite was 
maintained constant within 1°. As carrier gas we used alr which was purified to remove water vapor, acid 
and combustible gases. Its linear velocity was measured on a rheometer and was constant in individuel experi 
ments within the range of 120-200 cm/min, 


TABLE 1 
Analysis of Artificial Mixtures 


; Error Error. 
Used Found Used Found 
itt abs.%e itt abs. % 
Composition Wis Composition me 

4 |lsopentane 54,: 53,7 0,7 12 | Isopentane 83,9 85,8 413 

2-Methylbutene-2 45,0 463 +0,7 3--Methylbutene-1 | 16,1 14,2 -1,9 
7 |Isopentane 83,7 83,6 |-0,1 |14 | Lopentane 81,2 80,5 | —0,7 
n-Pentane 16,3 16,4 +0,1 Pentane-2 18,8 19,5 + 0,7 

8 |tsopentane 35,0 | 36,8 |+1,8 |16 | Loprene 50,1 48,9 | -12 
n-Pentane 11,5 11,8 + 0,3 Trans-piperilene | 49,9 §1,1 41,2 

2-Methylbutene-2 35,0 32.7 -23 

18,5 18,7 0,2 34,7 343 
: 3-Methylbutene-1 | 11,4 11,4 0,0 
10 | bopentane Wa 80,5 |+14 {25 | 2-Methylbutene-1 | 13,4 13,5 | 
2-Methylbutene 20,9 19,5 -14 2-Methylbutene-2 | 25,5 28,1 + 2,6 

lsoprene 1,2 -1,6. 
Trans-piperilene 18 1, -0,7 

Note. The area a under the outgoing-gas curves was measured with a PP-2K planimeter, 
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TABLE 2 
Analysis of Tea-componcnt Artificial Mixture No, 18 


Found 
‘ Equation (1) 
Compositioa F 
e 13 [ee] [mele [el 
5 = o 8 o 


Isopentane + 3-methyl- 


2 butene-1 30,6 30,3 : 29,1 
n-Pentane 5,8 5,2 | —0,6 5.4 |-0.4 5.6 | —-0,2 | 5,6 — 0,2 
Pentene-1 6,2 6,4 | + 0,2 1,1 | + 0,9 1,1 1 | 7,0 + 0,8 
2-Methylbutene-1 15,4 13,8 | —1,6 13,3 13,6 | | 13,3 -2,1 
H Pentene-2 — 6,1 6,1 | —0,0 6,6 + 0,5 6,3 + 0,2 6,1 0,0 
a 2-Methylbutere-2 16,3 18,9 | + 2,6 18,7 | + 2,4 19,0 | +2,7 | 18,7 + 2,4 
Isoprene 6,4 6,3 | —0,1 61 1-0, 6,3 | -0,1 | 6,8 + 0,4 
Trans-piperilene 6,5 6,5 0,0 6,5 0,0 6,8 | +03 | 17,4 + 0,9 
Cis-piperilene 6,7 6,5 | — 0,2 6,8 | + 0,1 6,9 +02 | 1.4 + 0,7 
| 
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Fig. 1. Chromatograms of investigated mixtures, 1) a-left= _ 
artificial mixture No. 18; a-right= pentane ¢ amylene frac- 
tion from catalytic cracking of sylation benzene (26-39° 
fraction); 2) b-left= products of catalytic dehydrogenation 

of isopentane (potassium-chrome-alum catalyst at 550°, rate 

by volume,1 hour”, b-right = gaseous aviation benzene (20- 
39° fraction). 


The concentrations of components In the mixture beyond the absorbent layer were determined with an 
Instrument which was basically designed to measure thermal conductivity of the gas; the presence of very small 
amounts of admixtures was estimated from the heat of combustion of components in the mixture, Instrument 
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Mming 6 2 
Fig. 2. Chromatogram of a 
binary fsopentane + 3-methyl- 
butene-1 mixture (mixture No. 
12). 


readings were automatically recorded on 10 my range 
EPP~09 potentiometer. An analysis took about 2 hours. 
We used for the analysis from 5 to 15 ml of an air-hy- 
drocarbon mixture prepared beforchand from the inves- 
tigated samples. The order and rate of separation 

were determined on Individual hydrocarbon components 
or by the analysis of artificial mixtures. Since alr was 
used as the carrier gas, calibration curves were used in 
calculating the composition of mixtures. The contents 
of each component in the mixture were calculated from 
the fraction of the total curve area contained under its 
peak on the outgoing-gas curve. 


The experimental results* obtained from the 
analysis of artificial mixtures are presented in Tables 
1 and 2, and in Fig. 1a we have shown the separation 
of a complex ten-component artificial mixture of Cs 
hydrocarbons (mixture No. 18). One can see from the 
chromatogram that, with the exception of isopentane 


and 3-methylbutene-1, all the hydrocarbons were clearly resolved. The above-mentioned binary hydrocarbon 
mixture was scparately resolved on aluminum oxide by the use of thermal chromatography (Fig. 2). It is also 
evident from the analysis of mixture No, 25 (Table 1) that isopentane and 3-methylbutene-1, when both are present 
in a complex mixture, were determined with sufficient accuracy. Tabulated data on the analysis of artificial 
mixtures indicate a satisfactory degree of accuracy in the results, 


Interpretation of the outgoing-gas curve Is an Important element in the chromatographic analysis of hydro- 
carbon mixtures, Since the contents of components in a mixture Is determined from the measured areas on the 
outgoing-gas curve, one has recourse to different methods of measuring areas. For example, one may replace the 
determination of area by the measurement of concentration at the maximum on the ouigcing-gas curve (Cjay)e 
assuming that Cu x5 ptoportional to the measured area [8]. In this method, however, it is necessary to maintain 
the reaction conditions very strictly and to calibrate the apparatus for each component of the mixture, Occasional- 
ly, in order to measure the area rapidly [9] one may compute it by multiplying the peak height by the bend width 
at half-maximum, C=0.5 C_,,,- Such an approximation is satisfactory if the components are fully resolved. Howe — 
ever, in practice {t can not be used when the resolution index K< 1/2 (10} 


One frequently has to encounter incomplete separation of components when carrying out a chromatographic 
analysis of hydrocarbon mixtures, Therefore, here we propose a method of calculating the composition of a mix- 
ture; the method {s based on the assumption that Gaussian distribution {s applicable to a Linear adsorption isotherm 
{11} Then the area q, corresponding to a given amount of component in the mixture, will in general be determin 


ed by the equation 


q= KgCmax (1) 


where Kp = proportionality constant, and py 4= band width at a given curve point corresponding to a specific ratio 
@ = C/Cmax- When @ = 0.5, 0.75, and 0.9, constant K ,, as calculations have shown, equals 1.065, 1.66, and 
2.73, respectively. Depending on how well the components of a mixture are resolved, in computing the area of the 
Outgoing-gas curve one has to chose one of the three Ko vdlues and a corresponding p 6° 


To test the proposed method of computing mixture cuntents we computed the areas by different methods, 
Such calculations were carried out for the ten-component artificial mixture No, 18 (Table 2). From the Isted 
calculations it is evident that the values computed from Equation (1) with different Kg give a satisfactory agreee 
ment with each other, as well as with the data obtained planimetrically and the exact concentrations of prepared 
mixtures, We reached the same conclusion after working on about 30 outgoing-gas curves for the catalytic dehydro~ 
genation products of fsopentane and light avlation-benzene fractions, . 


Karymiova and P, S. Pavlova participated in this work, 
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Figs. 1a and b {llustrate the applicabillty of chiormatography to the Investigation of hydrocarbon catalytic - 
conversion products (dehydrogenation of tsopentanc) and to the study of composition of light aviation benzene 
fractions, These data show the ratios between the principal mixture components and admixtures, which fs very , 


important in the study of catalytic processes and in helping solve the problem of how to best utilize pertroleum 
fractions. i 


Using the analysts of the gaseous aviatlon-benzene fraction (20-39%) from the siapite cracking (Fig. 1b) 
as an example, we can resolve its composition in detail and determine impurities In the principal material — 
tsopentane. Beside isopentane (88.6 wt. %) the fraction contained three hydrocarbons ({sobutane, 3-methylbutené-1, 
and pentene~-1) in amounts up to 1% by wt., and from 1 to 2% by weight of seven other hydrocarbons (n-butane, 
cls- and trans-butene-2, n-pentane, 2-methylbutene-1, pentene-2, and 2-methylbutene-2), 


The Universal instrument can also be used for the determination of hydrocarbon purity. Thus, fsopentane 
isolated from a natural-gas condensate contained as [mpurities, 1% by weight of n-butane and 0.4% by wt. of 
“dd n-pentane. Therefore, in the present investigation, by using chromatographic methods, we worked out a technique 


for the quantitative analysis of complex Cg hydrocarbon mixtures of various structures with lighter hydrocarbons as © 
impurities. 


N. D. Zelinskif Institute of Recelved Oct, 20, 1958 
Organic Chemistry Acad. Sef, 


USSR, 
All-Union Sci. Res, Institute of 
Geological Petroleum Prospecting 
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CHLORINATED POLYPROPYLENES 


K. S. Minsker and V. S. Etlis 
(Presented by Academician V, A. Kargin May 16, 1958) 


As Natta and co-workershave noted [1], chlorine reacts with crystalline polypropylene to form white, brittle 
(degree of brittlencss depends on the chlorine contents) materials which slowly loose chlorine at 80-100". If 
chlorine content {s high,a complete disruption of structure takes place. 


The conditions of synthesis and properties of products with respect to the chlorine contents In the polymer 
were not described. 


In connection with this it seemed interesting to carry out a more detailed investigation of polypropylene 
chlorination; two types of polymer were prepared, one catalyzed by A1(C,Hs)3+# TiCl, (1) (33% amorphous frac- 
tion, 45% Isotactle fraction), the other by Al(C3Hs)3+ TICl, (Il) (7% amorphous fraction, 85% tsotactic fraction). 


Chlorination was carried out In a chlorobenzene medium in the presence or absence of initiators (radical 
donors). 


_ We would use 45-50 g of polypropylene per Iter of chlorobenzene and begin to bubble gaseous chlorine at 
45° at the rate of 40-45 g/hour, After that the temperature in the reactor was raised to 75-80° and maintained at 
level during the whole process. If the reaction was carried out in the presence of initiators, then in the course of 
reaction we added every hour 0.28 g of 2,2°-azo-bis- an 4 or any other compound which would 9 
generate radicals at the experimental temperature, 


We separated the polytner from the solvent a either enn it with alcohol (methanol, for example) 
or by steam-distilling the solvent. 


In Fig. 1 we have plotted chlorination kinetics of and tn presence of initiators 
(Curves 2 and 1 respectively), or in their absence(Curve 3). Use of initiators increased the reaction rate, especially 
thas of the polypropylene with a higher fsotactic fraction content . We were unable to attain the composition - 
(C3H;Cl,),, under these conditions, even with prolonged chlorination in the presence of an initiator, 


When chlorine fs introduced into the polymer,pronounced changes occurs at first (10-15.0% Cl) the resulting 
material crumbles, then it passes through a fibrous stage (40-50% Cl, corresponding to a polymer of structure 
(C3H<Cl),,), and finally a noncombustible powdery material {s formed again, As the chlorine content in the 
polypropylene fs raised, the solubility of the material increases, viscosity decreases (especially in the presence 


of an initlator, Fig. 2), and density increases (Fig. 3, 2). All the prepared — turned out to be amorphous, as — 
electron-diffraction studies indicated, : 


A lowering in the specific viscosities of polypropylenes at) and (Il) indicates a cneiie of C—C bonds fn 
the polymer chain (chain disintegration), Increased density of chlorinated polypropylenes permits the assumption 
that, after 30-35% of chlorine {s introduced, both polymers assume the same or similar structures, whereas the 
general structure of orlginal polymers actually differed in thelr contents of amorphous and {sotactle fractions, 
whic:. was reflected In the densities of isis materials (density of polymer (1) was 0,89 # 0,005, while density 
of (11) was 0.92 & 0.005). 


Interesting results were obtained on tho softening temperatures of chlorinated polypropylenes as a function 
of chlorine contents, At low chlorine contents the softening temperatures of samples decreased, then, as more 


hrs. 


99 


Fig. 1. Polypropylene chlorina- 


poe oe Fig. 2. Polymer density as a func- 
tion of chlorine contents 

in the presence of 2,2°-azo-bis- ss 
isobutylnitrile; 3) (I) without 


chlorine was introduced into the polymer molecule, 
it started Increasing, and at 65-667 chlorine contents 
fg went up to 200° and above (Fig. 3, 1). A polymer 


2 containing 15-20% of chlorine, i, ¢.,one which had 
Z - Jess than one chiorine per CH; side group, hada 
minimum melting point, 
Hy en If we assume that the chlorines replace only 
a $2 the hydrogens in CH; side groups, then it is obvious 
0 @ 3 that decreased melting point may be attributed to a 
t-— disruption in the high-molecular polymer structure, 
Fig. 3. Change in the melting point (1) and resulting from an interaction between slightly positive 
CH, and negative CH,Cl groups. When the number 
Gensity of samples (2) as a function of 
of CH,Cl groups exceeds 1/3-1/2 of all the available 
CH; side groups, then the polymer evidently may again 


become more regular, obviously due to a mutual re- 


pulsion between simflarly charged CH,Cl groups, which leads to an increase in the melting point of the polymer, 
When the polymer has exclusively CH,Cl groups.then {ts melting point assumes the value of the {sotactic product 
(165-175°). When CH; groups are substituted with two chlorines,the polypropylene — a sharp melting point, 


of order of 200°. 

Further substitution by chlorine proceeds much slower, while the softening temperature increases even more 
and the polymer itself becomes more and more brittle. : 

Similarity of phenomena observed In the chlorination of {sotactic and srestte polymers can also be explaine ~ 
ed by the possibility that a hydrogen on the tertiary carbon atom fs replaced with chlorine, which disturbs the 
regular spatial orientation of substituents in the macromolecule and disrupts the crystal structure, 

Similar results were also obtained when the thermomechanical properties were investigated on a Kargin 
balance (Fig. 4). Thermomechanical data provided fairly precise melting points cf samples. 

Chlorinated polypropylenes with more than 49% of chlsiine do not have a temperature range of high 
elasticity but pass directly from a glassy state into one of viscous fluidity. 

Like all  chlorine-containing polymers, chlorinated samples of (1) and (I) have a snes to give off 

_ HO readily. Thos, investigated samples with an average chlorine content of about 60% (polymer of (CyH<C1;)y 
structure) readily split out 1IC} at 108-125° (tested with Congo red). Usual stabilizers used to stabilize polyvinyl 
chloride produced a pronounced Increase in the decomposition temperature of chlorinated polypropylenes, 

_ Thus, addition of 4% cf calcium stearate would ralse the re temperature to 171-173", soybean 

oll epoxide to 174°, lead silicate to 188°, : 
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Fig. 4. Thermomechanical curves of chlorinated poly- 
propylene (by Immersion of a plunger 3 mm In diameter 
and 740 g/cm® load, r = 10 sec). 1) Initial polymer; 2) 
23.0% Cl; 3) 36.5% Cl; 4) 49.2% Cl; 5) 56.5%Cl; 6) 
59.0% Cl; 7) 61% Cl; 8) 64.0% Cl; 9) 65.4% cl, 


One should note that stabilized samples when solidified, again had a low decomposition — (of 
the order of 118-130°). 


- Recelved May 9, 1958. 
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SYNTHESIS AND RESOLUTION OFCIS-AND TRANS- 1,2-DIALKYLCYCLOPENTANES 


A. F. Plate, A. A. Mel’nikov,R. A. Zelenko, and N. I. Lykova 
(Presented by Academician B. A. Kazanskil, July 14, 1958) 


The chemical composition of gasoline has been investigated and found to Include in majority of cases 
appreciable quantities of cyclopentanes. As far as the llgroin — petroleum fraction fs concemed, the nature of 
hydrocarbons contained in it has not been studied sufficlentiy, while the structure of cyclopentane hydrocarbons 
has hardly been investigated at all. However, in recent years the problem of ligroin and kerosene hydrocarbon 
composition has become particularly acute due to the importance these fractions assumed as fuels for jet engines 
and Diesel motors. This type of investigation Is considerably Mmited by the lack of standard hydrocarbons which | 
are necessary, in particular, for a successful application of spectral analytical techniques. 


TABLE 1 
Physical Constants of Synthesized Unsaturated Hydrocarbons 


Compd. No. [Hydrocarbon B. p. a5 Yield of 
Found | Calculated] theor, 


1 CyoHys 60 — 60,5°/15 mm 1,4532 | 0,8157 | 45,82 | 45,71 | 65,3 
2 60 60,7°/5 mm 1.4545 | 0,8158 | 50,59 | 50,33 | 78,7 
3 10,5—71,07/3mm | 14570 | 0,8244 | 59,57 | 59,57 | 77,7 


Remarks, I, All hydrocarbons become vitreous when cooled, II, For No. 1. Found %: C, 86.32; 86.14; 
H, 12.86; 12. 6; 12.97. CyHy. Calculated %; So: C, 86.88; H, 13.12, For No, 2. Found %; C, 86, 90; 87.06; H, 13.07; 
13.14. CyyHz9. Calculated %e: C, 86. 16: H, 13.24. For No. 3. Found %: C, 86. 07; 86 .36; H, 13.48; 13.50, 
Cyt. Calculated %; C, 86,58; H, 13.42. 


Our goal was to synthesize asa i <a Castes-Costtes and to resolve them into cis- and 
trans-isomers. 


When the compounds contained in gasolines (from a series of domestic penielenen wneed were Investiga- 
ted, it was shown that mono-,di-, and tri-substituted cyclopentane hydrocarbons were present [1,2]. It was also 
shown that the 1,2-dimethylcyclopentane and 1-methyl-2-ethylcyclopentane contained in gasolines consisted of 
a mixture of trans- and cis-isomer, with the first one in considerable excess (61 3-87.5% of stereolsoniers) [1,3]. 

. Up to the present tivne only a small number of 1,2-dlalkylcyclopentanes have been synthesized. Individual cis 
and trans-{somers of the following compounds have been Isolated: 1,2-dimethylcyclopentane, 1-methyl-2-ethyl- 
cyclopentane [4], 1,2-dicthylcyclopentane [5S], 1-methyl-2-n-propylcyclopentane [6], and 1-methyl-2-n-butyl- 
cyclopentane [7]. Besides, there are indications In the Iltcrature that the following have been synthesized; 1,2- 
diheptylcyclopentane, 1,2-dloctylcyclopentane, 1-butyl-2-dodecylcyclopentane, 1-hexyl-2-decylcyclopentane, 
and 1-heptyl-2-nonylcyclopentane; however, this work [8] did not mention the spatial configuration of these 
hydrocarbons or the structure of alkyl substituents. 


1-Ethyl-2-n-propyleyclopentane, 1-ethyl-2-n-butyleyclopentane, a and were 
prepared in this work according to the scheme shown below, 
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Froin ketones (I) (purified by recrystallization as semicarbazones) and alkylmagnesium halides we pre- 
pared the corresponding tertiary alcohols (Il) in a 50-72% yield (of theoretical); these alcoho.3 were a mixture 
otcis-and trans-isomers and therefore distilled over a wide temperature range. Dehydration of alcohols in the 
pw ence of lodine (1,2-di-n-butylcyclopentanol-1) or a saturated solution of oxalle acid (1-ethyl-2-n-propyl- 


cyclopentauol-2, and gave a 65-78% (of yield of 
hydrocarbons (II). Their constants are listed in Table 1. 
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(A229 
Fig. 1. .Fractionation curves of hydrocarbons and physical constants of frac- 
tions. 1) 1-Ethyl-2-n-propylcyclopentane; 2) 
tane; 3) 1,2-di-n-butylcyclopentane, 


Since dehydration of alcohols (11) may proceed in three directions, then compound (IIT) can be 2 mixture 
of three fsomess: 


gt 


(vily 


On the basis of Raman spectra one can make a good guess conceming the composition of these mixtures.® 
For each of the two unsaturated hydrocarbon mixtures prepared from © *hyl-2-n-butylcyclopentanol-2 and 1,2- 
di-n-butylcyclopentanol-1 we detected two lines in the region of douv.. -bond vibrational frequencies: 1652(5) 
and 167610) cm“! and corresponding ones at 16524) and 16738) cm-!, This indicates that the investigated une 
saturated hydrocarbons were a mixture of fsomers with double bonds in different positions. If these spectra were 
compared with those of l-alkylcyclopentenes-1 and 1,2-dlalkylcyclopentencs [9], then one could assume that 
the mixture obtained froin 1-ethyl-2-n-butylcyclopentanol-2 consisted of 70-85% 
tene-1 a .d 15-30% 1-ethyl-2- possibly with an admixture of 


© We take this Opportunity to express our gratitude to v. T. Aleksanfan and Kh. E, Sterin for carrying out the 
spectral analysis in the Spec. Comm. Lab, Acad. Sei. USSR, 
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‘TABLE 2 


Physical Constants of Cis and Trans-Jsomers of Synthesized Hydrocarbons 


20 

ser “ice Bs 

& 3 ERS 

1-Ethyl-2-n-pro- | Trans | 72,9 170,8 | 1,433711,4317 | 0,7898 0,7857 | 46,22 82,7 
pylcyclopentane 46,18 

b Ditto Cis 11,4 176,4 | 1,4391]1,4371 | 0,8008 P,7965 | 46,08] - 12,3 

2a = 1-Ethyl-2-n-butyl- | Trans | 91.0 193,0 | 1,4376}]1,4354 |0,7950 0,7913 | 50,90 81,0 
cyciopentane - 150,80 

b Ditto Cis 95,3 198,1 1,4426]1,4404 0,8054 ),8017 | 50,75 13,8 

3a 1,2-di-n-butyl- Trans | 122,6 231,1 | 1,4427/1,4409 | 0,8028 P,7993 | 60,18 80,9 

cyclopentane 60,08 
b Ditto Cts 125,4 234,5 | 1,4467]1,4449 10,8111 0,8077 | 60,03 15,6 


* Conversion was done with the help of tables (11). 


Remarks. I. Trans-1,2-di-n-butylcyclopentane (No. 3a) had a m. p. -62.7°; melting point recalculated 
to 100% purity -62.55°, purity 99.75%. All the remaining hydrocarbons, and also cis-1,2-di-n-butylcyclopentane 
tum vitreous on cooling. Il. For No. 1. Found %: (No. 1a) C, 85.53, 85.53; H, 14.20, 14.18; (No. 1b) C, 85.52; 
85.56; H, 14.23, 14.14. Cy,H,5. Calculated %: C, 85.63; H, 14.37. For No. 2, Found %: (No. 2a) C, 85.58, 
85.54; H, 14.30, 14.30; (No. 2b) C, 85.91, 8S. 86; H, 14.31, 14.40. C,H). Calculated % C, 85.63; H, 14.37. 


For No. 3. Found %: (No. 3a) C, 85.81, 85.73; H, 14.16; 14.18; (No. 3b) C, 85.54, 85.61; H, 14.28, 14.36. 
CyHys. Calculated C, 85.63; H, 14. 


clopentane. The mixture obtained from 1,2-n-butyl- 
« = cyclopentanol-1 was composed of 60-80% 1,2-di-n- 
; butylcyclopentene-1 and 20-40% 1,2-di-n-butylcy- 


ad clopentene-2, possibly with an admixture of 1-n- 
_-butyl-2-n-burylidenecyclopentane, Thus, in both 
mixtures structure (V) predominated. Dehydration 
3 products of 1-ethyl-2-n-propylcyclopentanol-2 were 
hot analyzed spectrally, 
6 8 The boiling points of unsaturated hydrocaibons 
“ No. of C atoms——— obtained from the dehydration of the same alcohol 
" were very close, and consequently, the compounds 
were not separated but were hydrogenated together 
clopentanes as a function of ’ 
in the mixture. Each such mixture should yleld just 
the number of carbon atoms in 
one “ind of saturated hydrocarbon on hydrogenation, 
ee +e drogenation was carried out at room temperature 
_ carbons synthesized In this work. 


in an alcoholic solution {n the presence of platinized 
carbon (5% Pt) activated with palladium chloride 
(10}. The synthesized 1-ethyi-2-n-propylcyclopentane, 1-ethyl-2-n-butylcyclopentane and 1,2-di-n-butylcy- 
clopentane were first purlfied through chromatographic adsorption on silica gel, then separated into cls- and trans 
fsomers by vacuum distillation on an efficient 80 T. P. column with metallic packing. Fractionation curves and 


changes in the physical constants of fractions are shown in Fig. 1, Physical constants of —— we 
are Hsted in Table 2, 


© We take this opportunity to express our gratitude to V. T. Alcksanfaa and Kh, E, Sterin for carrying out the = 
analysis in the Spec, Coinm, Lab, Acad, Sci, USSR, 
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In accordance with the von Auwers-Skita rule we assigned cls configuration to sterecuomers with a higher 
relative boiling point, refractive index, and density, and a lower molar refraction. In this work the cls-and trans- 
fsomers were obtained in the rattos of 135.2 to 1:6.7. The crystallization point and degree of purity (99.75%) 
of trans-1,2-di-n-butylcyclopentane had been determined (12). The crystallization points of cls-1,2-di-n-butyl- 
cyclopentanc, cls-and trans-lsomers of 1-ethyl-2-n-butyicyclopentane and 
could not be determined because these hydrocarbons became vitreous when cooled. . 


As may be seen from Fig. 2, our data support and supplement the results of B. A. Kazansklt, A. L. Liverman, 
andco-workers{ 13], who showed that the differences in the boiling points of all the so-far-known stereolsomeric 
dialkylcycloalkanes are linearly dependent on the number of carbon atoms in the molecule, The boiling point 
differences among the stereolsomers synthesized by us fit well into this function; consequently, the von Auwers- 
Skita rule should be applicable to Cy,H9-CysH2¢ 1,2-dialkylcyclopentanes. Therefore, the configurations which 
we assigned to the stereolsomers prepared in this work can be considered correct. ~ ss 


M. V. Lomonosov Moscow State University Received July 10, 1958 
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SYNTHESES 
HETEROCYCLIC 
COMPOUNDS 


Volumes 1 and 2 Edited by 
A. L. MNDZHOIAN 


TRANSLATED FROM RUSSIAN 


HE lack of a practical guide to the 

laboratory ‘preparation of heterocy- 
clic compounds is being met by this 
series of coliections of synthesis meth- 
ods, originally published by the Arme- 
nian Academy of Sciences. 


The translation of Volumes 1 and 2 of 
this series is combined in this conven- 
ient handbook, devoted exclusively to 
the synthesis of furan derivatives. 


Subsequent volumes in the series will 
be published in translation by Con- 
sultants Bureau promptly after their 
appearance in the original Russian. 


1959 cloth 6x9 155 pp. illus. $6.00 


Book Division 


CONSULTANTS BUREAU, INC. 


227 WEST 17TH STREET, NEW YORK 11, N. Y. 
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Chemistry Collections 


IN ENGLISH TRANSLATION 


Bureau's a unique venture in the field, 
consist of articles on specialized subjects, selected by specialists ineach field, from Soviet chemical es 
Journals published in wanslation by CB, These collections are then presented in symposium form, 


Periodically we shall issue new collections taken from the latest volumes ofour journals, not only ‘ 
on subjects already covered but also on those which prove most valucble to current scientific research, 


The following is one of the most recent additions to our list of collections —— on forthcoming 
tides available on request), 


<3 


42 papers taken from the following Soviet chemistry journals, 1956: 
Soviet Journal of Atomic Energy; Journal of General Chemistry; Journal of 
Applied Chemistry; Bulletin of the Academy of Sciences, USSR, Division 
of Chemical Sciences; Proceedings of the Academy of Sciences, USSR, 


Chemisuy Section. The entire collection consists of one volume, in two 


Systems (23 papers) .. 20. 00 


Theoretical; Thermodynamics; Slags, Mattes (19 papers)... 20.06 
THE COMPLETE COLLECTION ... .. $ 40.00 


alse. available in translation... 


ay 


125 papers taken from the following Soviet chemistry journals, 1949-58: 
Journal of General Chemistry; Journal of Applied Chemistry; Bulletin of Academy 
of Sciences, USSR, Div. Chemical Sciences; Journal of Analytical eney. 
Sections of this collection may be purchased iti: as follows: 


Structure and Properties (100 popers) 
Thermodynamics (6 popers) . . 15.00 


Slegs ond Mattes (6 papers)... 


THE COMPLETE COLLECTION . .. $150.00 
NOTE: Individual papers ore ot 19750, 


each. Tables of contents sent upon request. 


CB collections are translated by bilingual scteatists, and laclude afl photographie, 
Giagrammmatic tabular material integral with the teat. Reproduction is by male 
i Qalich proces from “cold® type, books are bound éusable papers coven, 


CONSU LTANTS BUREAU, INC. 


227 WEST 17TH STREET. NEW YORK 11. N. ¥. 
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